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i . 0 INTRODUCTION

Telescopes are ,zomprised ,-,f mirr,-,rs. The mirr,-,rs gather the dis-

tant light fr,-,m space. The better reflectic, n the mirrors have,

the more light that ,:an be gathered from space by the telescope.

Therefore in telescope work, refle,-t ivity is all important.

Over time the metal surface of a mirror gets dirty and oxidizes.

Reflectivity is decreased. The mirror must then be stripped of

the c,ld coating and recoated. This repc, rt contains, in detail,

the methods best suited t,z, clean, strip, and recoat the mirrors

of the Strat,-,spheric Observatory fc,r Infrared Astronc, my's
(SOFIA's) telescope.

SOFIA's telescope contains f,z,ur mirrors, the primary, the

secondary, and two tertiarys. ZEISS suggests that the material

and coating for the primary mirrc, r and the sec,z,ndary mirror be

Zerodur with a pure Aluminum reflective coating. ZEISS further

prc, pc, ses that the beamsplitter (di,zhrc, ic tertiary) be made c,f B_7

and be coated with a specialized g,-,id coating. The remaining

tertiary's material is Zerodur coated with Aluminum ,--,vercoated

with silicc, n ,:,xide. Bare Aluminum is a popular choi,-e because it

remains highly reflective at all light wavelengths.

Described c,n the fc,l lc,wing pages is how to, remc, ve the fc,ur mir-

rc,rs frc, m the airplane, transport them to the ,:leaning/stripping

rc, om, the ,_-leaning pr,-_,cedL_res, how they will be brought to, and

Ic,aded into the va,zuum chambers for cc,ating, the actual coating

procedures, and the transit ba,_-k to the airplane. It is written

from the point c,f view that there is nc,t a single best meth,-,d for

,-,:,ating the mirr,z, rs but that there are several c,ptions. Each

methc, d has its own pr,-,s and cc,ns. The main pluses and minuses

will be t,z,uched upc, n.

As a me,de of research, several existing mirror cleaning/cc, ating

facilities were visited. The first was Li,zk Observat,-,ry which

has a facility to ,-oat a 3.Ore (12('_ inch) mirrc, r with bare

aluminum. The second was S,:rader S,-ientifi, z, a cc, mpany fabricat-

ing the vacuum chamber for Keck Observatory in Hawaii. This

chamber will cc, at l.Sm (72 inch) mirrors. The third was Battelle

Pacific Northwest Laboratory in Richland, Washington. They coat

laser quality substrates of a maximum size ,:,f 2.2m (86 in,:h) fc,r

the U.S. government's SDI program. The trip reports are ,-c,n-

rained in Appendix A. Further me, des c,f research took the f,z,rm c,f

attending seminars, visits to the library, and phone ,-alls to

vendc, rs and users c,f vacuum equipment.

William Brown, the Head of the University of Calif,-,rnia, Santa



CrLlZ, Optical Coating Facility was awarded a contract to aid in
the conceptual design of the primary mirror coating chamber. He
has had 10 years experience with mirrors of the same size scale.
He has cc,ated them, partly designed, and maintained the
cc,ating/cleaning facilities for them. He ¢oncieved the design of
the interior c,f the primary mirr,-,r ,:,:,ating chamber. In conjunc-
tion with the authc,r he has helped_nail downltthe ,other aspects c,f
the design. His report is c,-,ntained in Appendix D.

Appendix B contains the Mirror Coating Facility Requirements
Report as given to Facilities Planning (Code EF) for incorpora-
tion into the Facility Requirements Document. Appendix C has
blueprints of several plan views of the facility, based c,n the
different coating options, as done by Will Vallotton. Appendix E
consists of excerpts from the Telescope Assembly Definition Phase
B Final Report by ZEISS. Appendix F is an excerpt from the 1990
Varian, In,:. Vacuum Products Catalogue for suggestic°ns c,n thin-
film deposition of different material.



2.n SUMMARY OF FINDINGS

The following is a summary of what the mirror ,:leaning and coat-

ing facil ity could Ic-:,k 1 ike. See Figure 2.0-0 for the ,:,-in_z,=o-

tual plan view i_-ifthe Whclie facility.

There are ,zertain requirements t,:l assure that the mirror :,:,atings

are gc,od ones. Good in the sense that they have a high

refle,ztivity. The main requirement is that the facility be

"relatively" ,--lean; hence, no dust/dirt particles remain on a

mirror leaving pinhc, les when it is ,_-,:,ated. Pinholes redu,:e

refle,ztivity: this leads to a bad ,_-c,ating. Mc,st c,f the ac-

tivities that take pla,:e in the facility are tc, keep this from

happen ing.

Mirrc, r handling:

All of the four mirrors will be removed fr,z,m the plane, as it

rests in the high bay, thr,z, ugh the use of a spe,zial device

refered t,z, as the ten-t,z,n manipulator (Figures 2.0-I, 2.f'_-3, and

2.0-4). The t el es,z,:,pe cavity d,z,or is c,pened. The 10-t,:,n

manipulator, with a device designed specifically for the purpose,

extra,zts the se,zc, ndary mirr,.',r and spider (Figure 2.C)-I). The=_e

are then set aside ,_-,na stand (2.0-2). The supp,z, rting tube :on-

raining the tertiaries is removed and also, set up,:,n a st__nd

(Figure 2.0-3). Next the ten-ton manipulat,:,r, with a device t,:,

attach to the primary mirror, reaches in and extracts the mirror

(Figure 2.C)-4). The primary mirrc, r is placed c,ntc, a transpc, rt

,:art (Figure 2.c)-5) and m,z,ved int,:, the cleaning/stripping r,:,om.

The secondary is rem,z, ved fr,z,m the spider and the tertiary mirrors

are rem,z,ved from the supporting tube. All the smaller mirror=_

are light en,z,ugh t,_-,be handled manually c,nce ,_-,ut c,f their m,:,unts.

They are then also br,z,ught into the ,:leaning rc,,_-,m.

Further lifting of the primary will be required in the cc,ating

r,:,c,m when it is taken ,:,ff the transport cart and placed in the

chamber. A bridge crane will be sufficient fc,r this. At any

time while @ut of the plane the primary mirror will have a pla=_-

tic ,_-over (Figure 2.0-6) except when it is being ,:leaned or

stripped or cc, ated. The ,_-urrent re,:,:,mmendati,:,n by the teles,_-c, pe

system c ont r a,_-t,:,r is that the primary mirror remain fa,- ing

upwards, as it does when in the teles,z,:,pe, if the mirror ,:ell i_

removed. If the mirror ,_-ell ,z,r similar support stays attached,

the transport ,:art must have the ability t,z, rotate the mirror 18c_

degrees.



The ,:leaning and stripping facility"

The cleaning/stripping room will consist of a segregated area

with water, ventilatic, n, and chemical waste disposal facilities.

The ,:leaning pro,:edure will ,:Iosely fol 1,0w that ,:,f most

observatories, acids will be used for stripping the old coating

off and soap will be used to wash. The choice ,of chemi,:als and
the finer details of the procedure depend on one's individual

pr e fer en,=es.

The primary mirror is cleaned/stripped on the transport carriage
(,:art) ,0r in an acid and corrosion resistant cleaning bin (see

Figure 2.0-7). If done on the transport cart it is done in a

horozontal orientation facing upwards if the mirror ,:ell is

detached (see Figure 2.0-8). If the cell remains it is con-

venient to ,:lean and strip it oriented vertically (see Figure

2.0-9). In the cleaning bin it will be oriented horozontally.

Glow dis,:harge is best used to do the final ,:leaning while the

mirror is under vacuum.

The smaller secondary and tertiary mirrors can be cleaned and

stripped in a cc,rrosion and acid resistant sink.

Primary mirror coating chamber:

The chamber will be cylindrical in shape with dished ends. The

axis c,f the cylinder will be oriented vertically or horozontally.

The approximate dimensions are 10 feet in diameter by 10 feet

Ic,ng. It will be constructed of a mild steel (rather than a
stainless) which is less expensive and sufficient for the present

coating needs.

One of four opt ions for chamber design must be chosen (see

Figures 2.0-10, 2.0-11, 2.0-12). There is not yet a picture fc,r
the fourth option. The first is the mirror facing down to be

,:c,ated, Figure 2.0-10. The next two are where the mirrc, r fa,:es

upward to be coated. In Figure 2.0-11 the chamber top is removed

and the mirror placed in, and in Figure 2.0-12 the bottom c,f the
chamber is removed and the mirror placed on it. The bottom is

then moved back into place. The final option is the mirror

facing sidewards to be coated. Note that for the mirror tc, be

coated facing downwards or sideways it is suggested by the tele-

scope system contractor that the mirror cell or similar support

remain attached.

The least expensive and most uncomplicated method of coating was

physical vapor deposit i,0n by resistive heating ,0f tungsten

filaments. To assure uniformity of the coating the chamber inte-

ric,r should cc,nsist of 2 or 3 concentri,-- circles ,of filaments



(see Figure 2.0-13). A total number of forty filaments is needed
to, coat the mirror facing downward. If it must be coated looking
up then the number will be greater to, outweigh the Ic,ss due to
the shields in place to keep the hot aluminum fr,-,m falling onto
the surface of the mirror.

The pumping system consists of a (St,:,kes) mechanical pump with a
pumping speed of 300 cfm. A Roc,ts Rc,tary Blower will be clsed in
conjunction with the mechanical pump to increase the pumping
speed. In series with the mechanical pump is a 35 inch oil diffu-
sion pump. The pumping speed of the diffusion pump is 52,0(x)
liters/see for air. The total pumping time from atmospheric
pressure to, I0 "_ Tort is about two hc,urs. The pumping system
layout is seen in Figure 2.0-14.

Diffusion pumps are notorious for backstreaming oil into the
chamber. To alleviate this problem, baffles which are liquid-
nitrogen cooled ,:an be used. They are located between the high
vacuum valve and the diffusion pump. A high vacuum valve at-
taches the diffusion pump to the vaccuum chamber. A r,-,ughing
valve is fc,und between the mechanical pump and the chamber. A
backing valve is situated between the diffusion pump and mechani-
cal pump. Appropriate gauges monitor the pressures at several
Io0:at ions.

The approximate ,:°:,st for constructing this chamber is $550,00c'_.

Secondary/Tertiary mirror 0:,:0ating:

The first option is to contract out all of these mirrors to be
recoated. The second opti,-,n is to purchase an off-the-shelf,
complete vacuum coating chamber to do all three. The price of
this would run about $150,000.00, maybe slightly more. The third
option is to send the dichroic tertiary elsewhere to, be coated
and to purchase an of f-the-shel f chamber, for c lose to
$I10,cx')C).00, to ,:oat the other two. There is a fourth option

which also invc, lves sending the dichroic tertiary out. There is

an old, complete vacuum chamber, of the correct size, unused and
stored here at AMES which could be rebuilt. The ,:,:°stto, de, this

is unknc, wn but there are companies in the San Francisco area that

do this type of work.

The best estimate, at this time,
,:,:,at al 1 four SOFIA mirrors

dol lars.

for the cost of a facility to
is between 1.7 and 2.2 million
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3.0 THE FACILITY IN DETAIL

This section provides the bulk c°f the gathered information. It

describes, in detail, how to remclve the f,z,ur mirrors frclm the

airplane, transport them t,-, the ,:leaning/stripping r,:.:,m, the

,:leaning pro,-edures, how they will be brought tlz, and loaded int,:i

the vacuum chambers f°:,r coating, the a,:tual coating procedures,

and the transit back t,-, the airplane. It is written from the

point of view that there are several ,z,ptions for cleaning, c,-,at-

ing and handling the mirrors but i-,nes that are prefered by the
authc, r. The reasc°ns for the preference are stated. See Appendix

C fclr a plan view of the entire facility. The major c,z,mp,-,nents

are pointed clut.

Se,-tion 3.1 c,-,ntains the criteria to keep the ,:leaning and coat-

ing rooms at the desired level of ,:lean. Section 3.2 has the

step by step sequen,ze f,-,r removing the mirrors from the plane.

It also provides for their m,-,vement within the mirror ,:leaning

and ,-oating facility. Section 3.3 is all about cleaning and

stripping all four mirrc°rs. Section 3.4 is c,n Ci:lating. The i:ip-

tions are Ic--iked at fc,r all the mirrors.

-£i



3.1 ,}LEANPOO.M_ RE QUIF_LE_MEbJTS

Ideally, it is desired that the mirror c,0atina room meet Class

10,000 ,-lean room conditions (see Figures 3.1-I and 3.1-2) and

that the cleaning/strippina room meet Class I00,000. In addi-

ti,z,n to, the stated requirements on those sheets, the foll,-,wing

design pr e,: aut ic,ns will hel0 to achleve a particle-free

environment :

- the walls, floors and ceilings are to be made ,of materials

that are particle-free or sealed with a washable high gl,0ss

finish.

- use lights flush with the ceiling. The idea is to have as

little as possible hangina frc, m the ceiling that could gather

dust which would then fall on the mirror.

- maintain a sl iaht positive pressure in the

cleaning/strippina room and an even greater positive pressure

in the ,:c,atina room. Refer t,0 Fiaure 3.1-_]_ for the way the

air should flow, it is marked by arrows.

- place some sort c,f trap underneath the cranes to assure that

no, oil drios from them (Figure 3.1-3).

- the use of a secc, nd fl,oor platform (see Fiqures 3.1-4 and

3.1-5) in the hiqhbav. The platform allows for the construc-

t i,on ,of a permanent wall between the highbay and the mirrc, r

,:c,atina facility. This wall will provide a good seal from

dirt and aircraft fumes. See Appendix G for further

explainations, dimensions, and arguements for the use of this

pl at form.

- a particle (dust.et,:.i_ barrier situated above the platform

in the hi ahbay and cavity section ,of the airplane (see Figures

3.1-5 and 3.1-6). Its purpose will be to trap particles fr,om

the ceiling support beams, etc. Hence these particles will

nc, t fall onto the freshly recoated mirrors on their way ba,:k

into the plane.

An option is to remove the criteria of a Class I0,000 and

1_'_0,0000 use the listed precautions, and clean the mirrors un-

der clean room modules (laminar flow hoods) of Class 100,000

or ,:leaner. These are purchased ,0ff-the-shelf (as shown in

Figure 3. 1-7). Once clean, the mirrors are covered, with

plastic wrap ,or other suitable material, until placed in the

chamber. This is the case no matter what level of clean room

exists.

Most observatories pay little attention to which class of

,:lean room exists in their facility but a strona suggestion is

to follow the _eslgn precautions for a particle-free



environment listed ,on the previous page. This ,:,pens up the
option of ,:c,mbinina the cleanlnq and cc,ating room into a
single room. With the precautions listed above this would
give a single room ,:,f about a ,:lass 100,00o with,:,ut specifying
any level ,of ,:lean. This also would allc, w the use of only one
bridge crane to service b,:,th the cleaninq and ,:,:,aging areas.
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DATA SHEET CRG-OO2A
Date: 11-26-83

Supersedes: 3-7-83

1023 CHESTNUT STREET

Figure 3. I-I
CLEAN ROCM

APPLICATION GUIDELINES

P.O. BOX 680e

AIR FILTER/ _
fCONTROL ,-c

REDWO00 CITY. CAUFCRNIA 94083 (418) 367-831 (

LAMINAR FLOW YETHCD

Class 10

90_100I coverage with Cambridge CAM-1 Laminar Flow Modules, 99.99% _P Consider using
Gold-Seal CNa*I Modules (99.999% on .12 micron pirtlcles) If higher efficlencles are

deslred. ":

Atr flow it 90 FPH or more based on gross ceiling irel.

Raised floor return preferred, but low side wall returns ire OK tf itsles ire narrow, and total

divergence width does not exceed 18 ft.

Class 100

80-100S coverage with Cambridge CAM-1 Limtnlr Flow Modules; Itr flow 90 t ZO FPH based on gross"

ceiling area.

Low side wail returns common; acceptable divergence width 24 ft. max.

DILUTION NETHOD

Class 1000

60-90 ltr changes per hour; does not need limtnlr flow modules. Low return preferred.

If room tS filled with laminar flow benches, Jud;nent might tndicate (for example) the use of

SOS of the bench rectrculated air that ]s not being exhausted toward the 60-90 air change

rite.

99.97% HEPAs in fin discharge or behind ceiling diffuser (makes no difference).

Non-laminar air distribution devices are homily used.

If HEPAs ire used in ceiling with no grilles, dumping can be expected and temperature differential

of more than 6-7* wtll be uncomfortable.

Class 101000

Sim as Class 1000 except 50-60 air c_nges.

Ceiling returns commnly used, thought low returns ire preferred.

Class 1001000

Outdated class; if specified, use 20-30 air changes pe_-_our, or Cl_ sufficient for cooltn9 load.

Filter Selections:
A. Cambridge 9S$ ASHRAE HtFlo Big Ftlters wt11 usually suffice wtth an occlsicmll "spike"

above 100,000 due to outside count.

8. Cambridge Htcretltn Absolutes (ISS OOP) wtll Ivemys assure Cllss 100,000-. Generilly

applted on pressure stde of fin w|th Cllld_]dge 8_ HIFlo hg F11ters on suction side

(sometimes 30S pleated).

• @ • • •

Note: Abeve guidelines ire based on experience factors and ire not guaranteed. Cleln rooms

can exceed design crtterti tf disrupted by personnel, or ire not maintained Ind operated

properly.
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Figure 3. I-3
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FiQure 3. I-7

Model850

Features and Benefits
• Increase the cleanliness, quality,

yield and consistency of your clean
work area.

• Sturdy construction.

• Standard units up to 8'x a'. Four curtain
materials and three Hepa filter
efficiencies available.

• Vestibule opt]on offers easy access

between gowning and clean areas
while protecting air quality.

• Custom made to your specific applica-
tion and configuration -- often using

your existing equipment.

• Save money. Compare our clean
enclosures wth the cost of conven-
tional cieanroom construction.

Mini-Cleanrooms
Economical, Portable

Enclosure Systems that Work

At last, an economical solution to
your micro-fine particle manage-
ment and contamination problems.
If you need a simple, clean enclo-
sure system and you don't have
a hundred thousand dollar
budget, then Servicor's Mini-
Cleanrooms are right for you. The
portable units are self-supporting
metal frames. See-through vinyl
material that keeps the clean air
in, and contaminating micro-fine
particles out.

Applications
The cleanmom concept was devel-

oped by the medical profession to protect

their patients against exposure to
infection and disease. Many industries

including space, pharmaceutical, food
processing, electronics and high tech
manufacturing have since adopted
cleanrooms as barriers against pardcla

contamination.
The enclosures provide a separate

chamber for isolated research requiring

a work area without interference from

other projects or departments. In
addition, they function as control over

projects requiring tight audit trails, such
as component parts cleaning and

packaging.

The Servicer System
Servicor's Minl-Cleanrooms offer a

simple, economical method for particle
management and containment.

The design of the system is a portable
fnime unit with transparent, flexible

vinyl curtains. The frame and legs are
sturdily constructed of aluminum or
steal tubing finished with hospital
white epoxy paint.

The standard enclosure walls are

made of a see-through 20 rail PVC mete-
rial. This clear material allows viewing

of equipment and the work stations.
In addition, the operators do not feel shut

in as they frequently experience within
hardwall cleanrooms.
• The clear shields are strategically

mounted to the Hepa filter unit. They act

SERVICOR, INC.
IS _ Clean Enclosure Systems That WorX

ORIG!f_L, p.e_iE
oF _x/w'qu_n'Y



as a containmentdevice to keep the
clean, filtered air flowingdown over the
crstical work area. The walls and
shields are also available in optically
clear,non-outgassing, antistatic,
16rail vinyl. Forprivacy,hospital white
12 rail vinyl orroom-darkeningblack
is available.

The clean, Class-100air is suppliedby
a Hepa filter that is 99.97%efficient for
parbcles of 03 micron or larger.The
self-contained1/2 HP blower/motor

(110VAC}keeps the Class-100air flowing
through the Hepa filters and throughout
the enclosure'sinterior. Hepafilters
of greater efficiencyare available.

A Quick and Clean
Installation

Installationis fast, easy and CLEANto
meat your rapidlychangiogcleanroom
needs or emergencies. Servicor'ssimple
installationsystemprovidesthe neces-
saw hardware, pro-drilledtubing, fas-
teners and simple,printedinstructions.

Let Us Help You
Ourexperiencedengineering team

will analyzeyourgeneral requirements,
define your needsand designa clean
enclosuresystemto your specifications.
Best of all, it's guaranteedto work.

In California,Servicerprovidescom-
plete installation and cleanroom custom
modification service. Our factory-
trained field engineersoffer woddwk:le
support to assist you in layout and
assemblyof clean enclosuresystems
that work.

There's a Servicer
Mini-Cleanroom

Right for You
Model 8S08'L x 5'D x 7'IT H

It comescompletewith framework,wag
panels and access door system. Also
includedis a 24"x 48" self-contained
blower/motor(110_C) and a Class-100

pa_cle air filter for overheadmounting.

Model 800 8'L x 8'W x 7'0"H
It comescompletewith framework,wall
panels and access door systems.Also
included is two 24" x 48" self-contained
blower/motors(110VAC)with Class-100
particle air filters for overhead mounting.

Modid lm 8'L x 5'W x 7'0"H

Oneside opensfor adaptinga vestibule
to laminar flow benches. It comes
completewith framework,wall panels
and access door systems.Yourchoice of
one or two 24' x 48' self-contained
blower/motors(110Me,C)with Class-100

par'ocleair filters for overhead mounting.

Custom Systems that work are
designedinany sizeor shape to meet
your requirements.Also, open-end,
horizontallaminarflowtunnel frames and
walls are manufacturedto order.

SperJfications--
Standard Model

OverallSize

Height

Lengm
Width

Frame

e

8'

5'

Aluminumor
Stool tubing

Approx.350Ibs.OverallAssembly
Weight

Hepa Air Filter 99.97%efficienton
particlesof 0.3 microns

VariableSpeed Rangesfrom 60 FPM
Air Row to 110FPM

Air Changes Approx. 4 per minute

Noise Level Conformsto OSHA
noisestandards

Wall material 20 rail clear vinylwith
quickrelease, non-
particulatingvetcro
attachmentstrips

StripAccess Standard 8" wide,
Doorway clear vinyl material

with hanginghardware

Options
OverallSize

Maximum8' Length
Maximum8' Width

Casters

LightRxtures

ElectricalOutlets

Rame RatardantMaterials

Pass-ThroughWindows

7ipperedDoorways

GarmentChangeVestibule

Frame

Aiummum
Steel pointedwhite

Steel painteddesignercolors

HopeAir Filters
99.97%efficiw_t

99,q9%efficient

99.999%efficient

Wail materials

Anbststic,non-outgassing,
see-throughvinyl, 16mil

Black opaquevinyl, 12mil

White opaquevinyl, 12rail

SERVICER, INC. 70 Glenn Way, Unit 4. Belmont, California 94002. (415) 591-0900



3.2 MIFtFOR HANDLING

There are several aspects to mirror handling. The two me,st

imoc, rtant are h,-,w t,:, kee_ the mirror clean while m,:,vina it.

and how tc, assure it's safety. The main difficulty lies in

handlina the primary mirror. It is quite large in diameter

_2.7 meters_ while extremely thin (C_.C_6 meters). Any mirror

handlina fixture is desianed, first and fc,rem,z,st, to, assure

the safety ,:,f the mirror.

This se,-tic, n starts with the removal of all four mirrors from

the airolane in Se,:ti,:,n 3.2.1. It then describes, in ea,-_h of

the varic, us subsections under 3.2.2, how each of the mirrors

is to be moved from one ste_ of the cleaning/coating _r,-_,,:ess

to the next.



._._.1 Removal of Mirrc, rs From the Plane

The following sequence ,:,f figures, 3.2.1-c_ through 3.2.1-2,

show the installation of the major telescope components.
They will be removed in the opposite ,order through the use

of the manipulator. Figure 3.2.1-3 shows the layout of the
major telescope ,zomp,:,nents and their nomen,:lature. Note

that some figures contain MI, M2, M3/I and M3/2 which refer

to the primary mirror, secondary mirror, dichroic tertiary
and the second tertiary mirror respectively. The described

procedure starts with the assumption that the airplane is in
it's position in the high bay.

I) A special adaptor,
removal device, is
(Fiqure 3 -' i-4)

called the secondary mirror/spider

attached to the lO-tc, n manipulator

_) The cavity doc°r is opened.

3) The removal device is aligned with the spider legs. It
telescopes in (Figure 3.2.1-5) and is clamped ,0n as seen in
Figure 3 o i-6

4) The nuts of the ,-entral
3 '-' 1-6)

screws are unscrewed (Figure

5) The spider is detached and lifted through the cavity and
away from the airplane.

6) The spider is placed on a special spider storage stand
located on the platform (see Figures 3.'2.1-7 and 3.2.1-8a).

7) The mirror is detached from the spider and lifted

manually ont,:, a small hand push ,:art for transit to° the

,:leaning room (Figure 3.2.1-8a). This cart is purchased c0ff

the shelf. The optic, n exists to design an apparatus, as
suggested by the telescope system contractor, as seen in
Figure 3.2.1-8b. This device hydraulically lifts the mirror
down from it's support.

8) The adaptor for remc, ving the secondary mirror/spider is
replaced by another called the tertiary mirrc, r removal
device (Figure 3.2. 1-9).

9) The removal devi, e aligns: with the
(housing). It extends forward and attaches
(Figure 3.2. I-9).

tertiary tube

to the tube



10) The tube is detached (see Figure 3.2.1-i(}) and lifted

through the cavity.

II) The tertiary tube is then placed on a special stand

(Figure 3.2.1-11) located on the platform (Figure 3.2.1-12:}.

12:1 The tertiary mirrors are removed manually and placed on

the secondary/tertiary mirrors transpc, rt ,:art fc,r transit to

the ,_-leaning room (Figure 3.2.1-13).

13:} The adaptor for rem,-,ving the tertiary mirr,-,rs is re-

placed by the special primary mirror removal device (see

Figure 3.2. 1-14).

14) The primary mirror is detached• The fixation screws,

for the primary mirror ,:ell attachment flange, are released.

The cell is then detached (see Figures 3.2.1-15 and -1611.

15) The primary mirrc, r removal device is attached to the

primary mirrc, r ,-ell through the center hole and about the

c,ut er edge.

16) The mirr,-,r is removed as is outlined in Figures 3•2.1-17

through 3.2. 1-22.

17) It is placed on the primary mirror transport ,_-art

cFigures 3. _ 1-23 and 3 2 1-24)_.. • • •

For placement back into the plane, the reverse order of

steps 1 through 24 is followed. This starts with removing

the freshly recc°ated primary mirror support cell from the

transport ,:art and pla°zing it back int,.-, the teles,zope.

The Telescope Assembly Defination Final Report by ZEISS,

INC. states approximately the same procedure as outlined

above for removing the mirr,-0rs from the airplane. The ex-

cerpts from that report are contained in Appendix E of this

report.
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3. __._ Handling Within the Facility

This section c,:,ntains handling pr,_-,,_-dures and equipment f,:,r all

four of the mirrors once they are within the facility. In

subsecti,-',n 3.2.2.1 the m,z,vement and atta,zhment t,;, the va,_-uum

of the primary mirror is addressed. In subse,_-tion 3.2.2.2 it

is d,z,nefc, r the sec,z,ndary and tertiary mirr,z, rs.



3.-._ 2. i Primary Mirror Handling

There are three opt ions under consideration to ,:,:,atthe

primary mirror. The first is facing upwards, the second is

facing downwards, and the third is facing sidewards. If the

mirror is to be coated facing upwards, the mirror support

,:ell that holds the mirrc, r while in the telescope, may be
removed. If this is the case it will also have to be

,:leaned facing upwards. If the ,:ell remains or is replaced

by a similar support structure, the assumption is made that

the mirror ,:an be safely (from a structural pc,int of view_

turned ,0n to its side for cleaning and coating or completely
upside down for ,:,:,ating.

All of the options will require the same lO-ton manipulator

to remc, ve the primary mirror from the airplane as well as
the transport ,:art as shown in Figure 3.2. 1-24. If the mir-

rc°r is to be coated downward ,or cleaned/coated sidewards

looking, the transport cart will have the ability to rotate

the mirror c,therwise it will hold it static, nary facing
upwards. The main differences occur when the mirror is to

be placed in the coating chamber and in the holding fixtures
within the vacuum chamber.

A more detailed explaination °of cleaning procedures °:an be

found in Section 3.3. Here it is important to mention that

if the mirror is to be ,:leaned ,0n the transport ,:art, a

crane will not be required in the cleaning room. If the
decisic, n is made to take it off the ,:art and place it in a

,:leaning bin (see Section 3.3-Figure 3.3.1.1-3), a 5-ton
bridge crane will be needed.

The suppc°rt for the mirror, when coated upside down or io:°k-

ing sidewards, can be either the mirror support ,-ell or a

similar support structure. If the mirror cell remains, the

re,flowing sequence c°f pictures shows the placement of the

mirror onto the transport cart-Figures 3.2.2.1-0 through -2.
The alternative, removing the 0:ell and attaching a similar

(acid resistant) support structure, requires the unclamping
of the mirror connection device seen in Figure 3. '_ 2. 1 3

This is assumed done while the mirror is suspended above the

platform by the lO-tc°n manipulator. The prc.:ess °0f placing

it in the suppc°rt structure and onto the transport ,:art is
shown in Figures 3.2.2. i-4 through -7. The support struc-

ture attaches to the outermost ring of ceramic pieces.
These pieces are the same that the mirror ,-onnectic°n devices

are fastened tc, (Figures 3.2.2.1-6a). The ceramic pieces

are slipped into the support structure (Figure 3. '_._-.i. I-6,:).



Hooks are inserted into the structure and through the
groc°ves in the ceramic pieces (Figure 3.2.2.1-6b and -6,:).
The mirrc, r is now fully attached to the support structure.
Note this assumes that it is safe to rest the full weight of
the mirrc, r on the outer circle of connecting ceramic pieces.

In the case of the mirror looking upward, assuming the ,:ell
is already detached. The 10-ton manipulator is to be used
to place the mirror on the bottom half of the chamber (see
Figure 3.2.2.1-8). The mirror is moved int,:° the ,:leaning
room, removed from the b,-Jttom via a 5-ton bridge crane and
placed in the cleaning bin. It is cleaned and then returned
to the vacuum chamber bottom (Figures 3.2.2.1-9 and -ic_:_.
The bc,ttc, m half will then be moved into position underneath
the top of the chamber and raised up by a hydraulic 1i ft
(Figures 3.2.2.1-11 through -15).

An optional method for coating facing upward, suggested by
the telescope system contractor, removes the chamber top via
crane then lifts the mirror, facing upwards, into the bottom
of the vacuum chamber. The chamber top which contains the
tungsten filaments, etc. is then placed back on the chamber
(Figure 3.2.2.1-16). Note that the mirror can be ,:leaned
vertically as long as the support 0:ell is not remc,ved, until
after cleaning, and a transport cart is made available.

In the case of the mirror looking down, a 5-ton bridge
crane will remove the chamber top and place it aside. The
mirror will be r c,tated on the transport cart (Figure
3.2.2. 1-17). Detail on the rotation apparatus is seen in
Figure 3.2.2.1-18. The same crane will pick it up and place
it in the chamber (Figure 3.0-._.'_ 1-19 and -20). Fiqures_
3-.2.2.1-21 and -_- show the fixture by which to hanq° the
mirror in the vacuum chamber. It would be inserted into
grooves on the chamber's walls. Figures 3.2.2. 1-23 through
-29 show the general idea but are not exact.

For the case of the mirror lo0-°king sideways, a process
similar to that at Lick Observatory, Mt. Hamilton, Califor-
nia could be used. The mirror would be rotated into, a ver-
tical position while on the transport cart. The fixture by
which to hang it in the chamber would then be attached
(Figure 3.2.2. I-3C'_). The side of the vacuum chamber, not
attached to the pumping system, is rolled back (Figure
3.2.2.1-31) and the mirror hung inside the stationary part
(Figure 3.2.2.1-32).

In review, all ,0f the methods will require a single bridge
crane in the coating room and possibly one in the ,:leaning a



roe, m, each with a 5-ton capacity. If the two roe, ms

(cleaning and coating) are combined into c,ne, a single

bridge crane will be required. The mirror transport cart is

needed in all cases except where the chamber bc,ttom is used

as a mirror transport instead.
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.... - Secondary and Tertiary Mirrors Handling

The secondary and tertiary mirrors ,:,f a small en,:,ugh slz_

and weight that they will be handled by a person c,r two from
the time that they are removed from the airplane.

_md



3.3 eCLEANINGANDSTRIP_ING

This sect ion ,-'ontains inf,z,rmati_-,n -,n the eQuioment, pr,z--e_ures
anc_SuDDIies reQuirea _,', ,'lean an_ stri_ the four SOFIA
mirrors. Se,:ti,z,n 3.3.1 gives a conceotual design of what the
,:leaning r,z-zmwill l,:,,-,k like. It in,_-lu_es a _escrimtion :,f
the e_uioment that will _e needed in the r,z-:,mand t,_-isuop,:irc
the a,_-tlvities that ,-,c,zur there. Se,-tion 3.3.2 is the ste_ _y
stem general instru,ztions t,z_strio and ,:lean the mirr,z,rs. In-
i:luded are the requirea suoolies an_ exammles :,f _ro,zedures
used at several ,_-,_ti,_-alla_,_-iratories. Section 3.3.3 has all
the waste disposal and safety requirements i:if the fa,-ility.



3.3.1 Physical Layout and E_uipment

The suggested layout for tme room is given in Figure 3.3.1-0
found on the next page. Designated in the room is an area
where the primary mirror is to be stripped and cleaned, a
separate area to strip and clean the se,zc,ndary ana tertiary
mirrors, and ad_iti,z, nal space tc, move the mirror handling
eauioment ar,z,und. There is special equipment reQuire_ to
clean and strip the primary. For the ,other mirrc, rs the
e_uipment can be Dur,zhased off-the-shelf.

The r,-,ommust have the proper waste disposal facilities due
t,z, the use ,:,f str,-,na a,-ias and bases during cleaning. This
is ,:overea in areater detail in section 3.3.3.

AOOiti,z,nal eouipment that the r,-.-,m will require:

- lam,:,ratc,rv ben,:h
- chemical st,:,rage cabinets
-,:leanina supplies listed in se,ztic, n 3.3.2 in,:ludinQ the

ac icJs

- acid resistant waste basket with a lid that f,zrms a g,:,,:,_
seal

- portable bright lights t,:, carry from one work area to
another

No,re that all c,f the above eoL, ipment does nc, t need to be

stored in the ,.'leaning rc,c,m.
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3.3.1.1 Special Primary Mirror Cleaning Equipment

The primary mirror may be ,:leaned facing sidewards or

facing upwards and this is dependent upon whether the mir-

ror ,:ell or other type of suDp,:,r_ remains attached, and,

the individual's preference.

Two options exist for a stand to place the primary mirr-,r

-_,n while ,:leaning. The first is to leave it -,n the

transp,s, rt ,_'art (see Figure 3.3. I. i-0) which must then be

made of materials that are ,-orrosi,s,n resistant to the

chemi,:als used for ,-leaning. If the mirrc.r ,:an be

re, rated, i.e. if the supp,s, rt remains atta,zhed, the

transp,-,rt ,.-art must have this ability. T,-, ,:lean in an

upright manner a stand is needed t,-, reach the top of the

mirrc, r while standing on its side. Refer t,-, Figure

3.3.1.1-I. N,-,te that the transport cart must be rolled to

a it,cation in the room where a drain exists.

If the mirrc, r cann,-,t be rotated or the user prefers ,:lean-

ing it facing up, a catwal k'/br idge apparatus (Figure

3.3.1.1-2) must be designed to fit ar,-,und the mirror and

transpc, rt ,-art. The catwalk is situated 360 degrees

around the ,:art. A bridge folds down to reach across the

mirr,-,r s,-, that the ,:enter may be rea,zhed for ,:leaning and

stripping. A suggesti,z,n is that the catwalk/bridge be

permanent and the transport cart be rolled int,:, the ,_-enter
of it. The ,_-enter shc, uld be where the drain exists.

The se,zond c,ption was given by ZEISS in the Teles,-,_-,pe As-

sembly Definiti,-,n Final Report. It is seen in Figure

3.3.1.1-3. The mirror is placed in to the ,:leaning bin

via crane. A permanent ,zatwalk is situated 360 degrees

around the bin. A bridge f,-,Ids d,-,wn to reach acr,-,ss the

mirror s,z, that the ,:enter may be reached f,z,r cleaning and

stripping. The bin is to be situated, ,:,n legs, several

(3-4) feet .ab,z,ve the fl,z,,z,r. There is no need for a drain

in the fl,z,or as the discharge for the bin will be attached

to a hose. The hose ends in an acid resistant disposal

c,-,ntainer. When full the ,:ontainer is carted off for

waste treatment.

Anc, ther idea, a combination of the two previ,-,us opti,-,ns,

wc,uld be tc, rc, ll the transport cart under the side ,:,f the

,-leaning bin. Once locked into pc, sition, the mirr,-,r wc,uld

be rotated onto it's side and ,_-leaned (see Figures

3.3. I. I-4 and -5).



11
14

L

|

ir

!

i

i

i

I

I

! !

!!

II

• m

i !

i |

"41

(÷1



-7r"
I

\

J_
i

I

_q
r

_J

.,q



m

L
t

i
!

I

i
i

f

i
l
!

I
I

l
!

\

i

\

J

i

v



cP_De

/

f

/////

discha_e

Figure 3.3. I. i-3
__ - 10 E



f
o

_b

_ml4



y
\,

\



3.3.1.2 Se,-ondary/Tertiarv Mirr-,rs Cleaning E_uipment

The se0=i=.ndary and tertiary mirrc, rs are of a small en,=ugm

size that they are best :leaned in a normal sink that is

both acid and ,:orrosion reslstant. The sink mus_ be a

minimum of three feet long by two, feet wide by c,ne foot

deeD. See Figure 3.3.1.2-0.

v
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Figure 3.3. i.--0
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J.3.2 Cleanino Pr,--_-eOuresano Suool ies

The followina cleanina 0rocedure is for use with all fc,ur
mlrrors. Mc,re aetailea _roce_ures used at several ai fferent
sites ,:an be found at the end of this section. The flrs=
(sroce_ure #i _ is zhe orocedure that is used at Canada-
France-Hawaii Observatory in Hawaii. The sec,-,nd (_roceOure
#2) is ctsec_hy a unknown sour,:e. S,zhott suggests a proce-

dure (#3) uniaue t,:, Zerodur wtTich ,_-an also be found at the

se,rtion's end. Note that the German chemi,_-als have Amer'ican

counterparts and therefore do not nee_ to be ordered from

Germany. The aeneral procedure t,:, ,:lean a mirrc, r is:

I. Wash the mirror with s,z,aov water, flushinq well t,:,

rem,z, ve _arti,zulates such as dirt or bira dr,:,Dpings.

2. Stri_ the old coatinq with an acid mixture.

3. Flush with tao water. N,z,te that ste0s 2 and 3 ,:an _e
reoeated Oef,:,re continuin_ on t,=, 4.

4. Neutralize the a,zid with an hydroxide, making a part
with ,=alcium carOc,na_e, ruOOIna to ,:lean surface.

5. Flush with tao water.

6. Neutralize hvOroxide and ,:arbona=e with a,zid.

7. Flush with tao water.

8. Rinse with distilled water.

9. Dry with lint-free (wi0es) industrial tissue.

10. Insoe,zt for smudoes and remove with HPLF: grade
isooropyl al,:o_n,=,l.

Ii. Cover mirror with 01asti,- wrao c,r the hard mirror

:over outline_ in sect ion 3.2. I. transport t,:, chamber, place

in chamber and remove plastic wrap.

12. Remove dust with anti-static nitrogen gun. i.e. blow

the dust ,=,ff the surface.

Note that the ,_hc,i,:e of chemical_ and the finer details of

the orocedure Oeoend on the individual's choice.

-I I-_



The list of chemicals that may be used for cleaning are:

i. hydro,shloric acid (HCf)

2. nitric acid (HNO=)

3. cupri,: sul fate clCuSO..)

4. :al,:ium carbonate (CaCO=

5. _,:,dium hydroxide (NaOH)

6. p,z,tassium hydroxide (KOH

7. ammonium hydroxide (NH=OH)

8. isopr,:,pyl al,:ohol
9. a,cetone

10. ethyl alcohc, l

ii. t rich I c,r,c,et hyl erie

12. xyl enes

and the fc,llc, wing compressed gases:

I. oxygen <10211

2. liquid nitrc, gen (LN=)

3. nitrogen gas (N=)

4. air

Other supplies that will be required. Again the choi,:e is

the users and not all are required.

I. natural chamc, is

2. natural sponges

3. distilled water

4. lint-free industrial wipes - paper towels

5. detergent

An example of ,:leaning a large mirror ,:an be found in

Figures 3.3.2-0 through 3.3.2-3. The mirror that is being

stripped and ,:leaned is the 120 inch telescope's primary

mirror at Li,:k Observatory on Mc,unt Hamilton, California.

In Figure 3.3.2-0 a plastic sheet is being taped around the

edge of the mirror. The plastic is used to keep acid from

damaging the suppc, rt apparatus, etc. underneath the mirrc, r.

Figure 3.3.2-I shows the mirror being stripped. The acid is

squirted onto the surface. The old cc,ating is then rubbed

off Figure 3.3- "-_• _ .- _ was taken after the mirrc, r stripping

was cc,mpleted. Workers are placing plastic wrap over the

,:lean surfa,:e to keep it particle-free during transit to, the

va,:uum coating chamber. Figure 3.3.2-3 is a demonstration

,:,f c,ne c,f the final stripping/cleaning steps, the wc, rker is

inspecting for any fingerprints or smudges and removing them

with al,:,:,hol. Note that it is already in the va,zuum

chamber.
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PROCEDURE # 1

Procedure for Stripping Mirrors of Aluminum Coating

i. Prepare a Solution of Hydrochloric Acid as follows:
4 liters of deionized water

4 liters of Reagent grade (I Normal) Hydrochloric Acid

100 grams of Cupric Sulfate crystal, Reagent grade.
(When diluting, always add acid to water!)

2. Prepare a solution of Sodium Hydroxide:

4 liters of solution at a concentration of 100 grams of
Sodium Hydroxide pellets (Reagent Grade) to i liter of
deionized water.

...4

°

Protect radial supports attached to sides of mirror (if
applicable).

4. Flush mirror surface with copious amounts of filtered tap water
• to remove loose particles of dust.

.

.

.

Wash mirror with diluted (1:50) Liqui-Nox detergent using
natural sponges and a dobbing action without heavy rubbing.
Repeat this washing after a thorough rinse.

Use Xylenes to clean any oil from the mirror surface with soft
Balzer's cotton wool pads.

After mirror is clean, dry it's surface with natural chamois

skins and inspect coating for condition, i.e. pinholes stainsetc... " '

8 •

9.

During washing operations, pay careful attention to cleaning out
-bubble-holes in the optical surface as these can conceal dirt.

If it is decided not to save the old aluminum coating and

re-coating is necessary then apply the Hydrochloric/Cupric

Sulfate solution to the mirror surface. Spread the solution by
dragging soft cotton wool along the surface to even the flow of
solution ove_ the aluminum coatiog.

i0. After 5 to i0 minutes most of the Aluminum coating will have

been removed. Some rubbing action may be required.

ii. Rinse with copious amounts of filtered tap water and then dry
the surface with Kaydry Laboratory paper towels.

12. Inspect the surface for residual aluminum or water marks or
other hazy wipe marks which have stubbornly refused to be
dissolved by the Hydrochloric/Cupric Sulfate solution.

13. Apply solution of Sodium Hydroxide rubbing with Kaydry towels,
rinse.

( iG.INAL. IS
PoOa,"quALrrY
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14. If the surface still does not appear to be perfectly clean of C
old deposits it is necessary to flood the surface with deionized

water and to sprinkle a small quantity of Reagent grade Calcium

Carbonate powder upon the surface of the water film. A light

rubbing action should remove any residual stains or deposits.

(Note: the CaCO 3 powder must never by applied dry or allowed "_
to dry upon the mirror surface.

15. The mirror surface is once agai_ flooded with copious amounts of

filtered tap water. Finish the rinse with deionized water and
dry with Kaydry towels. Repeat step #14 if needed.

16. Wash mirror surface thoroughly with diluted Liqui-Nox detergent
using natural sponges.

17. Rinse well with plenty of filtered tap water and then deionized
water.

Z

18 Dry part of the mirror with Kaydry towels being careful not to

allow the mirror surface to dry on its own as water mar_s will

occur. Gradually, dry all the mirror keeping the portions not
being dryed at the moment wet with deionized water. Much

rubbing is involved with this step and some residue of the paper
toweling will remain on the mirror surface.

19. To remove the paper residue on the mirror it is necessary to
brush the surface thoroughly with the set of six parallel (

anti-static brushes before placing the mirror inside the vacuum
chamber.

20. As with all optical coatings, success depends upon obtaining an
• extremely clean substrate surface.

T. Gregory
July 1986



V



Mirror Stripping & Cleaning Supplies Inventory

ITEM
1. 5 Natural Chamois

2. 8 Natural Sponges

3. 3 Acid Vapor Masks
4. 3x4 liters Photrex Methanol Absolute (Baker Reagent)

5. 3x4 liters Trichloroethylene (Baker Regent)

6. 4x4 liters I,I,I - Trichloroethane (Baker Regent)

7. .5 Kq liquid Emerson & Cummings Eccostrip 93 Epoxy Remover
8. 4 liters Pierce RBS 35 Concentrate (Glass Detergent)

9. ¢ liters Xylenes (VWR Reagent)
i0. 12 liters Acetone (U.S.P.-F.C.C. Baker)

ii. 9 liters Isopropyl Alcohol (J.T. Baker & Malinkrodt Spectro)

12. 14 liters Liqui-Nox Detergent Concentrate

13. 7.5 Kg Calcium Carbonate Powder
14.: lOxl2 Cartons of "Miracloth" Material

15. l0 Kg. "Dixwell" cotton

16. 5 Kg. Potassium Hydroxide Pellets (Baker Reagent)

17. 5 Kg. Sodium Hydroxide Pellets (Baker Reagent)
18. 12 liters Potassium Hydroxide .IN in Methanol (Baker Reagent)

19. 4 Kg. Cupric Sulfate 5-Hydrate, Fine Crystal (Baker Reagent)
20. 30 liters I Normal Hydrochloric Acid (Baker Reagent)

21. 12 Kg Nitric Acid
22. 7 liters Balzers Substrate Cleaner #i

23. 5 liters Balzers Substrate Cleaner #2

24. 240 pair "Pylox" Gloves
25. 120 pair Neoprene Gloves

26. 24 pair "Nitrile" rubber gloves

27. 4 pair protective goggles

28." 1 face sheild

29. 5 Nalgene Mixing Buckets
30. i Stainless Steel Mixing Bucket

31. I Stainless Steel Mixing Pail
32. 56 Boxes x 90 wipers each "Kaydry" paper towels (VWR)

33. 25 Bags x 30 pads each Cotton Wipers (Balzers)

34. .5 Kg "Teepol" Detergent

Thomas S. Gregory

29 April 1986
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11.

12.

13.

PROCEDURE #2

METHOD USED FOR PREPARATION OF

LARGE MIRRORS FOR ALUNINIZING OR SILVERING

WI______RUBBER GLOVES strip off old coating with "Green River" HCL (hydro-

chloric acid) and CUSO_ (cupric sulfate) (I gal HCL . i/2 Ib CuSO_
1 gal. water) by rubbing with gaydrys ?. " ÷

Rinse with tap water thoroughly. (NOTE: Do no_t use warm water on Cer-Vitmirrors.)

Reapply "Green River" (HCL + CuSOg + H20 ) and rub briskly with gaydry s to
remove remainder of old coating and other residue on mirror.

Rinse thoroughly as in Step 2.

Apply a strong solution of potassium hydroxide (i/2 Ib KOH with 2 gals.
water) rubbing with Kaydrys and rinse with tap water.

Reapply KOH and rub mirror surface with calcium carbonate.

Rinse ve___thoroughly.

Repeat steps 5, 6 and 7 several times.

Apply a solution of nitric acid (HNO3) Cl gal. HNO3and I gal. water) to
surface of mirror and rub. Do not allow HNO 3 solution to sit for morethan 3 minutes.

Rinse thoroughly for 5-10 minutes plus area around mirror.

REMOVE GLOVES

Apply enough distilled water to thoroughly rinse off tap water.

Wipe dry quickly with Kaydrys. Do not allow water to dry by itself.

Mirror is now ready for aluminizing.

t

Kaydrys is a Kimberly-Clark trade name for a lint-free industrial tissue
similar to Kleenex (not Kimwipes).

NOTE:
For Kanigen coated metal mirrors do no=_t use. any acids. Omit Steps
1, 3 and 9. Many times Step 5 will remove the aluminum coating.

-I I_,_:i.. _,



drocnlorioacidof 10%;
- Rinsing with water, twice;
- Rinsing with dist;',',ed c; excr, a,-,ged
• water, twice;

_ DrTing '

Rinsing with water is intended only for
washing off the spec:fic alkaline or
acid solutions and may De done _n
running water. ChecKing w_tlGindtca:or
paper t_e water runnmg off will sr_ow
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Fioure 3.3.2-0

Fioure 3.3.2-i



Flexure 3.3.2-2
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3.3.3 Waste Disposal and Safety

The need fc,r waste disposal and safety precautions is ap-

parent with the use of s_rong acids, str,-,ng bases, an_

compressed gases. NASA-Ames Research Center 's stor age

requirement for strong a,zids and strong bases is, they must

be kept in se,-:,ndary containment, i.e. the container in

which they were purchased must be stored within another con-

tainer that is nonsusc ept ible to, c or rosi,-,n by said

,-hemicals. Suggested is any ,off the shelf chemical st,-,rage

cab inet.

Several of the chemicals have special requirements. Nitric

acid must be kept away from all the others especially the

flammable liquids such as isopropyl alcohol. Isopropyl al-

cohol in a quantity greater than ten gallons demands a flam-

mable chemical storage cabinet.

For the disposal of the chemicals there are two options, the

first is to treat them in the proposed SOFIA Ground Support

Facility, and the second is to have them picked up by

someone and treated elsewhere. Ames has just obtained a

varience frc, m Sunnyvale, for ,one of it's buildings, to, treat

hazardous wastes and ,one may also be obtained for the SOFIA

building. Only one chemical cannot be treated here, copper

sulfate. It is regulated and has special rules attached to

it's use. Once again the used chemicals must be stored in

secondary containment. The container they drain int.:, after

using them on the mirrc, r, must be placed within another

cc,ntainer. All containers are to be acid and cc,rrosion

resistant.

The ,:leaning/stripping roe, m, where the chemicals are to be

used, requires proper ventilation to, rid the area c,f the

fumes.

The compressed gas cylinders need to be chained into a rack.

Liquid nitr,-,gen and ,:,xygen must have NO SMOKING signs placed

abc, ut them. All oxygen lines are required to be free ,:,f

hydro,zarbon grease c,r products as the combination is

combustible. The nitrogen gas demands the placement of an

oxygen defi,:iency alarm in the same room.

The cleaning/stripping re,ore, which will contain all c,f the

abc, ve requires these basics in safety equipment - eyewash

station, shower, fire extinguishers, smoke detect,:,rs,

sprinklers, pr,0per warning signs and labels, and a first aid

kit.
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3.4 MIRRORCCATINGEQUIPMENTANDPc:OCEDUFES

Contained in this se,:ti,:,n ,:,f the report is She :cm_leze

__s,_ription of how all four SOFIA mirrors will be re,::,a_ed

after stripping. The :urrent recc, mmendati,:,ns by' the teies,:ooe

_ystem contractor (ZEISS, In,:. ) , c,n materials and ,::,at in_s for
the f,:,ur mirrors are:

Primary mirror -- Zeroaur coated by bare Aluminum

Se,:ondary mirrc, r -- Zerc, dur ,:c,ated by bare Aluminum
Tertiary mirrors

beam splitter -- BK7 ,with a specialized gold coating

other -- Zer,:,dur, Aluminum overcoated by a sili,::n o:,.i_e

There are three basic coating te,:hniques - Thermal

Evaporatic,n, Sputtering, and Chemi,:al Depc, sitic, n. Each tech-

nique has many variations. Some chara,:teristics ,:,f each te,:h-

nique are given in Figure 3.4-I, foll,:,wing this section.

Thermal Evapc, ratic, n (al=,-, called Physi,zal Vapor Deposition) is

heating Lip a solid material until it vaporizes. The vapor

then cc, ndenses (deposits) on any co0:,ler surface it comes in
conta,:t with, i.e. the mirror.

The material may be heated in many different ways. The most

widely used type c,f thermal evaporation is Resistive Heating.

The material is heated with a resistively heated filament or

boat. Figure 3.4-0 below shows several apparatus used t,:, heat

the material. Bare aluminum is most often deposited usin_ a
resistively heated filament.

(a) (b) (c)

(d) (e)

(g) (h) (i)

Figure 3.4-0

Some thermal.evaporaOon sources: (a) basket. (b) spiral.
(c) multiple-vapor-beam source consistingor"a quartz tube with
severaJholes_ I mm diameter and heated by a tungsren spiraJ
(Chop_l, unpublished), (d) dimpled boat, (e) asymmetric oven-
type point source, (J')howitzer, (g) crucible heater, (h) baffled
chimney (also called Drumheller source), (i) dual boat, flash-
evaporation source. Here the liquid mixture of components is
kept in the covered section oi"the boat and a controlled amount
is aJ]owed to passthrough a narrow aperture into the open boat
for flash evaporation at a much higher temperature maintained
by a separate, high-resistanceelectricaJpath (after Dale, Re$.
Develop., ,flay. 1967, p. 60).
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Anc, ther ,-ommon thermal evaporation meth,z,d is heating c,f the

material through the use of an ele,ztron beam gun. The

ele.-tr,-,ns emitted from the gun b,-,mbard the material t,-, be

deposited. The cc,nstant c,-,llisi,-,ns heat the material until it

vap,-rizes. This is generally used with substan,-es that have

higher melting points. The sil ic-,n ,:,×ides are usually

deposited in this way. Figure 3.4-2, below, provides examples

of different sources that generate the electron beam.

,Ii zr

Ca)

Evaooro_+

/,_\ /< ' ,

W-_ruomlms

_c/i;;,, i I,_1I E,.......

(c)

i °_ro

_ al,,.,Inl ,is _04) _ I i

-_----_ _

,eI _-''_ .,i _ ._o_e,

r_t_mtni MOidt_

-- / I ,'/ll /"_ _,*c,

FIG. 4. Some simple electron.beam sources for thermal evaporation.
(a) and (b) are work-accelerated guns designedby Robm-Kandar,/¢t :d.
[36J, and Chopra and Randlett [371, respectively;(c) uses_ransverse
eleczrostatic focusing (Unve/a and Booker [401 ), and (d) magnetic
focusing ( Vanan A ssoctates ).

Figure 3.4-2

Sputter ng is essentially the ejecti,:,n ,:,f atoms from the sur-

face of the material to, be depc, sited, by bombardment with high

energy particles. The high energy particles are usually ions

rather than ele.:tr,-,ns. Generally these eje,zted atoms condense

,:,n the substrate surfa,:e. This te,:hnique is ,:,f most use to

SOFIA, not as a ,zoating method, but rather as a ,_-leaning

method in the form ,:,f Gl,:,w Dis,:harge. Both sputtering te,:h-

niques and ,-hemical dep,:,siti,:,n inv,:,Ive the use c,f much more

,-c,mplex apparatus than thermal evap,z, ration.

To, read further ,:,n meth,:,ds ,:,f thin-film depc, sitic, n,

#8 found in the Bibliogra;_hy (Se,zti,z,n 6.0) is best

Appendix F has deposit i,:,n suggest ions fc,r al 1

materials. _-igure 3.4-3 ,.-,z,ntains the ex,zerpts fc,r
Gold and Silicc, n c,xides.

Re fer enc e

,:onsul ted.

types of

A1 umin_,m,
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There are three orientations in whi,zh to ,:,:,at a mirror, the
sur face to be coated is fa,zing down or facing up or facing

sideways. The ,z,ldest method is fa,-ing upward. The prefered

and m,-,st versatile methoC is facing downward. Zt is prefered

beca._se it is the c,nly ,-,rientat ion in whizh any type of c:at-

ing or coating method ,-an be used. The other two c,rientations

are restricted as to ,:,:,ating opti,z, ns.

Section 3.4.1 addresses the options for coating the Drimary

mirror. Sections 3.4.2 and 3.4.3 cover the Secondary/Tertiary

and Di:hr,:,i,: Tertiary mirrors respectively.
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Figure 3.4-I

Some Char_creristJ¢_ of the Various Thin.film-deDosirion Techniclues

Techmque Materials Deposmon ' Rate Vacuum. _ Epnlxy A,'iheslon Remarks
fate e conlro[

Zvlp_rlon:

Reslstlveheating L,M Yes <O. I Yes Fair

Muhisource

RF heating

Electron beam

Flash

Arc

Laser

Exploding wire

SputtermI:

Glow disch_se

(diode)

Most

Alloys. compounds"

Conducting

Most

Alloys,compounds

L,M

L,M

L.H

M,H

H

H

H

Yes <O.l

Poor i <0. I

Poor <0. I

No <0.1

No

No

No

Yes

Conducting

Most

Conducting wires

Conducting L,M

<I

<0.I

<I

2O-6O

Yes

Yes

Yes

Yes

Possible

Yes

Possible

Yes

Fair

Fair

Good

Good

Fall"

Fair

Far

Good

Simple, sol, oft alloying

and decompo=uon xn

Ce r'I&irl cases

Sloichlometry control

posslble

l_vdatlon eliminates

support contammat_on

Ver_aUJ¢, gas bursts in

cc rl.am c a.s_s

Nearly stotchJometnc

rams, ps bursts,

spattenng

Crude, spattering,very

high rate

Very high rate, spattering,

pron_smg method

High rate, crude,

spattering

Simple. _dely used

Ion platm 8

Asymmetric ac

_nd dc bias

Getter

Triode (assisted

ionization)

RF

[on beam

Reactive

Chemical:

Electrolysis

Anodization

Pyrolysis

Conducting

Conducting

Getter metals

Conducting

Most

Most

Oxides. hydndes,

carbtdes, nimdes,

sullRdes

Me_Is

Oxides of valve

metals

Most

L,M

L.M

L.M

L,M

L.H

L-H

I.M

M.H

L.M

Yes

Yes

=O..6O

2060

Yes 20-60

Yes ~ [-60

Poor ~ 1

Poor <0. l

No 1-60

Yes

Yes

No _ 1,000

Yes

Yes

Yes

Yes

Possible

Yes

Yes

Yes

Yes

Yes

Good

Good

Good

Good

Good

Good

Excellent

Fa2r

ExceLlent

Fair

Evtporation and desput-

ter_ng m poor vacuum

Contarmnation reduced

Reactzve g_ses removed

Versatile, low pressure,

confined plasma

Useful,plasma effects

complicated

Sophisticated,well-

defined conditions, low

pressure, substrate out of

plasma

Powerful. many variables

control difficult

Cheap, productlon

method

Controlledthicknessof

thin oxlde films obtained.

5olutlon contaminants

Production method, high-

temperature system, con-

tamination problems
-'2£



Some Characteristics of the Viriou$ Thin-film-de_osmon Techmclues [Cnntzmrcd/

Tc_nmque _Aater1"ds Dcposmon Rate V_cuurn, _ Epn_xy Adheslon Remarks
rate" controt

Hydrogen _Aost H No _ i.O00 Yes Fair

reducIlon

Dispropomona-

lion

Transfer

[e'tcIion

Polymerization

Products of some

halide compounds

Depends on

fe'icIlon

Hydrocarbons

H No

H No

H No

_1,000

~i ,OO0

Electroless

solution

Polymers no

Yes

Yes

I Yes

l Yes

Fair

Fa,r

F_r

Good

Production melhod for

metes, hi_1.(emperature

system, conlamm',Hon

problems

HigJl-+,emper',ture contains- "

nanon problem

Hi_-_em_r:,ture s':,'s_em,

,:ontam_nauon

Cheap. good films, but

t_ermaJly unstable

Cheap,goodr,]ms

"L. W. H stand for low (<0 I ._ 'secL medium _0. i to 20 ,-_sec) . ._ndhL_hC"20 ._.'sec) ratcsof dcposmllon,respectzvely _'he vtlue$ u'_ chosen _J_ltraniy.

V _
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20 II Thin Film Deposition Suggestions
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3.4. I Primary Mirror Coating

Thls sect ion consists of six subse,:_i.-,ns.

all the in format ion on the equipment

recoat the SOFIA primary mirror.

Within these is

and procedures to

T,z, ,=oat with bare Aluminum it is sufficient as well as

fair ly standard t,:, use thermal evapor at ion t e0:hn iques.

Sputtering has dep,:,s it on rates too slow for aluminum

deposit ion. The least ,:,:,mpli,:ated, most inexpensive method

of evap0z, rati,:,n depc, sition is resistive heating of tungsten

filaments. Section 3.4. 1.5 explains the details of the

method and Section 3.4.1.4, the required equipment.

In Secti,-,n 3.2, Mirror Handling, it was noted that there

were several options for orienting the primary mirror during

,:,.-,ating. The current suggest ion is to c,rient it facing

down. Table 3.4.1-C_ compares the pros and cons of each

,z,rientation. Section 3.4.1.1 gives a physical description

of what the chamber will look like in each option.

Regardles=-of c,rientation, the same pumping, ,:ontrol and

glow discharge systems, suggested in subsections 3.4.1.2,

3.4.1.3 and 3.4.1.6 respectively, will be required. The

only difference ,_-omes in the coating apparatus. It becomes

more complicated when the mirr,z,r is oriented facing upward.



o
o_

13

0 13
r--z

0

r'h
n,"

rh >'-
rr < _:

_. __ 0

_ z_ _z
0 0

L_ U- _'



3.4. i. 1 Physical Dimensions/Description (Exterior)

The ,:hamber is to be a mild steel cylinder (see Section

5.0-Design Notes for further on this material selection)

of a minimum of Ic') feet in diameter and 10 feet in height.

Two dished heads will cap the ends of the cylinder (see

Figure 3.4. i. i-0). Figures 3.4. I. I-i and -2 are

photographs of parts ,:,f am existing va,:uum chamber. They

shc, w one of the ,zapped ends and the cylindrical section.

Thrc, ughout the b,z,ttom, top, and sides will be numerc, us

feed-throughs fc,r wires, et,:.

If the mirror is coated facing downward (see Figure

3.4.1.1-3), it will stand on legs attached to the bottom.

The top dished head will be removable so that the mirrc, r

,Jan be placed within. The coating apparatus will be con-

tained in the bottom dished head. A hatch/entry way is

c,:,ntained on the side wall ,:,f the cylinder to allow access

to the ,zoating apparatus. The pumping system alsc, cc,n-

ne,zts through the wall of the cylindri,:al section.

If the mirror faces upward during coating (see Figures

3.4.1.1-4 and 3.4.1.1-5), there are two optic, ns. The

first option is to, have a chamber identical to the c,ne f,z0r

the mirror facing down. The ,z,nly exceptic, n would be that

the cc,ating apparatus would be housed in the removable

top. The second ,:,ption is to, have a removable bc, tt,-,m.

The cylinder and tc,p remain permanently fixed to the wall.

The b,:,ttc,m slides out tc, recieve the mirror. The coating

apparatus is contained in the top dished head. A ladder

must be placed inside to allow access to, the cc, ating

apparatus. This ladder is not to be permanent. The pump-

ing system is connected through the wall of the chamber.

If the mirror faces sideways, the axis of the cylinder

will be oriented horozc0ntally. The chamber will have two

halves (see Figure 3.4.1.1-6). One side of the chamber

will roll backwards °:,n tracks to allow access to, load the

mirror. This half will contain the coating apparatus.

The ,other section will remain stationary and is the side

that the mirror is loaded ontc,. The pumping system will

cc,nnect thrc, ugh the wall c,n the stationary side. Access

to the coating apparatus is gained while the removable

half is rolled back. A step ladder may be used to reach

the coating apparatus.

Note that the procedures for l,-,adinq the mirror within

these chambers was addressed in Sect ic,n 3.2.
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F-igure 3.4. I. I-I

F-igure 3.4. i. I-2
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3.4. 1.2 Pumping System

The follc, wing pumping system or its equivalent would
_uffi,:ient for the primary mirror va,-uum _-hamher.

- Varian 35 inch Oil Diffusi,-,n Pump with 4EBOVheater
_model #NHS-35). Pumps the ,-hamber from I0_ T,-,rr t c, I__TM
Tor r .

- Stokes Me,-hanicai Bo,z,ster Pump (model #1738). The

roughing pump. Pumps the chamber from 760 Torr t-, 10 .3

T,=,r r .

- C:V_Z: Right Angle High Vacuum Valve (m,z,del #VRA-356).

- CVC Multi-C,:,, z,lant Baffles (m,z,del #BC-35C_T_.

the nil from the di f fusi,-,n pump does

,-hamber.

Assures that

nc,t enter the

The ab,-,ve system will pump the chamber fr,z,m atmc, spheri:

pressure to 10 -_ Torr in less than two hc, urs. r:ontained at

the end ,-,f this section are the manufacturers specifi,-a-

tions for each ciz,mponent. A maj,-,rity ,:,f the c-,mponents

were suggested by several s,z,ur,-es. Figure 3.4. 1.2-0 c,n

the next page is a s,-hemati,- ,:,f the pumping system. Not

ini: i uded here are the vacuum hoses, gauges, et,:.

Examples of what the actual cc,mpc, nents look like ,:an be

seen in the photo, graphs numbered Figures 3.4.1.2-i through

-3. The first two are diffusic, n pumps and the third is a

mechanical bo,:,ster pump.

A :ryopume is an alternative to the oil diffusic, n pump but

it is more expensive and pumps slower. Table 3.4.1.2-i

cc, mpares the use ,:,f a diffusic, n pump with and without a

coldtrap (baffles) to a ,:ryopump. A turbomolecular pum_

was looked into, as an alternative t,:, the mechanical

bc, oster roughing pump. It could not achieve the desired

pumping speeds at a reasonable ,:,:,st. Table 3.4.1.2-2 is a

comparisc, n ,0f these two pumps.

Refer t,:, Se,-tinn 5.0 f,-,r design n,-,tes ,-,n the pumping

system. This system will be the one required regardless

c,f the ,-,rientati,_-,n ,--,fthe primary mirrc, r during coating.
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HS-32S_35and
DIFFUSION PUMPS

i

HIGH GAS

HANDLING CAPACITY

HIGH FOREPRESSURE
TOLERANCE

FRACTIONATING DESIGN

MINIMUM
BACKSTREAMING

AUTOMATIC PROTECTION

SIMPLE HEATER
REPLACEMENT

BUILT-IN FLUID
LEVEL INDICATOR

EASE OF SERVICE

lexington vacuum division
121 hartwell avenue
lexington, massachusetts 02173

varian GmbH
handwerkstrasse 5-7

D-7000 stuttgart 80 (vaihingen)
west germany

varian spa
via varian, 10040 leini
torino, italy

ORIGINAL P/_E IS

varlan



" • i•_ .

i

 FEATURES

GAS HANDLING CAPACITY
hi_l working pressures, maxi-

is greater than 35

RESSURE

•.. allows the use of a
fi_epump at full t_roughpijt.

NG DESIGN... jet
es are constructed

pump fluid, removing
on and decomposition

are pumped away.
v_oor emerges from
design feature is ex-

Varian diffusion pumps.

" IP_CKSTREAMING ...

water-cooled cold cap
ng by 98% with

pumping speed.

' IC PROTECTION... pat-
thermostats ° can be used

turn off the heater if
temperature rise.

}rotect= against operation
water-flow failure,

operation at abnorm.
A foreline baffle

loss even if the pump
released to atmosphere.

"HEATER REPLACEMENT
are six flat tubular ele-

:iarnped directly to boiler plate.
segments are easily re-
replaced when necessary.

FLUID "LEVEL

sight glass allows im-
pump fluid-level

valving allows pro-
r-against breakage and replace-

of =ght glass while pump is in

- )F SERVICE... the jet assem-
readily dismantled and reassem.

ever inspection or cleaning
"required. Once reassembled,

is mechanically held in
)re_enting possible damage
g hurled against the valve

;Ibow in the event of accidental
of the foreline.

282330

9 'j   '  , NJALITY



OPTIONAL HALO BAFFLE ... re

rains 60% of pump speed with no in
crease in pump height, and utilize
the standard cold cap with additiona

water-cooled chevrons to intercep
direct backstreaming emanating fron
the top nozzle. The baffle remains be

low the inlet flange of the pump anc
adds no height to the system. Th_

halo baffle stops backstreaming at
most as effectively as an opticall_
dense baffle, yet retains 60% of th_
pump speed. It is especially useful ir

applications where backstreaming i.,
critical, speed and throughput are im

portant and cryogenic pumping is no
necessary. The baffle can be factory
installed or field retrofitted. The hatc

baffle can not be used with liquic
nitrogen or mechanical refrigeration

GENERAL
DESCRIPTION

The HS-32 and NHS-35 Diffusion

Pumps provide the high throughput,
high pumping speed, and reliable
performance required in industrial

applications. These pumps are par
ticularly suitable for use in large
industrial coating installations, high
vacuum furnaces, and metallizers.

The HS-32 and NHS-35 provide as
much as 50°/= more pumping capaciq/
-35 Torr-liters/second throughput--
than any other pumps of comparable

sizes. Since these pumps have nearly
equal maximum throughput, there is
no essential difference in performance
as long as they are operated near the
constant throughput region (above
approximately 30 Torr-liters/second).
At gas loads below the maximum
throughput level, the NHS-35 will
produce a lower pressure in the cham-

ber because of its higher pumping
speed.

-14E
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NHS-35 DIFFUSION PUMP

Ma_=mum Speed:

Oper=ong Range:

Maximum Forepressure:

Mammum T_mughput:

Backing Pump:
Bac_,s='eaming Rate:

Warm-up 13me:
Cool-down "13me:

Ruid Charge:
Hea_r Rating:

eody:
Flanges:
JetAssernbly:
Cold Cap:
Quick Coo_ Cml:

Oil Sight G;&ss:
Heater:

Co=ing Water:

I specifications

,50.000 IS (aJr). 62.500 _'s (He. H2)
1 X 10"3to lO'_°Torr Range

No Load- 0.55 Ton"
Full Load - 0.40 Ton"

35 Ton.- I,=

300 CFM
0.17 ccJHr.
60 Minute=

60 Minuws (w=m quick cool)
3 Gallons
Power 24K3N

Voltage 240/380/480 VAC, 50160 Hz, 3 O
Mild StlNll

Mild Still
Stainless Steet

Copg_' (nickel plated)
Stainless Steet

Supplied
Tubular Heater, Insulator, Clamp Plat9

4gpm at60°- 800F

I outlinedrawinginches(mm)

__ _--_' I

lillet Flange

on I IO ! qD I OIA

Outlet Flange

I O-Ree G_

OO I I0 _ _D I DIA

lt_et:

28 HO_S 0.88"[221 Olam. E_.

S0ac_:l on 38.5*(t7M O*atn.

;ore_ne:

8 _o_ 0.81"(21) O_tm. E_.

S_=<1 on 9.YI24 _) Oi_m.

1lira

I speed curve

_ =illll

(_W mnl

=_
<

,ooll

I ordering Information

,a i

NHS-35 Diffusion Pump,O-Rings and Water.Cooled Cold Cap.
With 24OV Heater
With 380V Heater
With 480V Heater

With 240V Heater and Halo Baffle
With 480V Heater and Halo Baffle

Replacement Heaters (6 eactl heater, damp plate required)
4000W. 240V, 380V or 480V

Heater Clam_ng Plate
Heater Insulalor

Replacement Nickel Heater Wire
Replacement Nickel Lugs

Replacement O-Ring K_t
I Butyl Inlet Ftange O-Ring

I Butyl Foreline Flange O-Ring
4 Viton Fill O-Rings

4 Viton Dram O-Rings

NOTE: O_d_r od separately - see pages 40 and 41

NHS 35

V" ==

• NHS 35 BACKING PUMP / \ ="

il \
,e i ,e t *o • ,o I ,e _ ,o 4 .o ! ,o '

INLIET PRESSURE - TQRR

Order Number Wt. (lb.) Price

0169-F1730-308 2000 $21,130
0169-F1730-326 2000 21.130

0169-F1730-309 2000 21,130

0169-F 1730-318 2045 23,940
0169-F 1730-319 2045 23,940

0181-6472-35- 248 1 366

0181.F1749-001 1 160
0181 -F4536-001 1 77
0181-6561-79-100 .5 9/Ft.

0181-6480-56-680 1 1/Ea.
0181-KO3T7-16g I 155

Detailed ir_formatJon is I_ov_ded in data sheet VAC 1036
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CVC GOLDLINE HIGH VACUUM

,ARGE RIGHT ANGLE VALVES

VEA

BENEFITS

• High Conductance Contributes To

Quick Pumpdown

,e Operating Mechanism Can Be

Removed Without Breaking

Vacuum Line Connections

• Automatic Closing In Case Of

Power Failure

• Provide Positive, Vacuum-Tkjht

Seal At Low Pressures

GENERAL DESCRIPTION

The right angle valves of the VRA
-eries are divided into two groups by

,minal sizes: the _/_-inch to 1V2-inch

jives, and the 20-inch and 35-inch

valves. Each group provides the most
favorable combination of operating

features and price within its size

range.

The 20-inch and 35-inch VRA valves

are made of carbon steel. They are

air-operated with adjustable speed
control and are O-ring sealed. The

valves are fail-safe; they close if there

is a power failure. Each assembled

valve is given a complete helium leak
test to make certain that it is leak

tight. Attention to shaft and seal

alignment assures vibration-free

operation and long gasket life.

These valves connect directly to C_/C

"Bluel ine" diffusion pumps or "BC'
baffles of the same nominal size and

to standard ASA flanges. The inlet

flange of each valve is grooved and

provided with an elastomer gasket;

the outlet flange is ungrooved.

EQUIRED SERVICES

Compressed air at 40- ] 50 psig is

required to operate the valves. The
solenoid-operated air-control vanes

require a ] 15-volt 50/60 Hz power

supply,

_ _o_o,o

U.BRICATIOff I I I G 3Frm._ HI L_'_NGP_ { )

_ttXl ,, _l

L_ GASKET GROOVE19 ,/1- _ %" WlDE 21 _" LD.

_IOT_ BO'n-t Ft._GF.3

';'1- I --_ _VE27,_-o.o.
)\ I A'A-..

net wlEtGI.rr • _161 La. \" _-_ I j tF "

GROSS W_JGHT * 905 LB. _ _ _ 20 HOLIES I'4" 7.THREAD
ON 25 ° BOLT CIRCLE

TYPE VRA-216

20 HOI..,'_ I v,-

DLV'ET_ on 25"

BOLT C_RCI._

/

VAL_

uma,c_noN I II _ _G o)
,5 ..I." _ FrrnN,..._ - '._

IL f' '-;

P_VE 41 5" O,D,

N_ID 35" I.D.

nET WlElGl-rr I_ LL
................ "_l_'_lJ _" 14 HOI.E._ II/I'I'I-TH_

_u_._ w_n, .0.-._ ,,,,,_. _ ON 38Y¢ BOLT CIRCLE

TYPE VRA-356

14 HOLE {;, t %"

DIA,_rTT.R ON 30'I¢

BOLT QRCLE

).
v," WIDE 35',%" I.D.

RE.OVA .P,L.E OFERA I II fG

MEC! IAr!IFbl

The operating mechanism for the

valve plate is flange.mounted; it can
be easily removed from the casing for
service without braking the vacuum
line connections. The flange is O-ring
sealed to the right-angle casing for

leak tightness.

VRA.216 -- Right Angle Valve,
20" ASA Flanges ......... 2630 ] 7
VRA-356 -- Right Angle Valve,

32" ASA Flanges ......... 262216

Roughing ports can be supplied at
time of order.
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3.4. 1.3 Controls and Gauging System

The follc, wing contr,:,l systems ,or their equivalents woul_

be sufficient for the primary mirror coating chamber. The

first of the two systems will control the pumpdown process

and glow discharge final ,;leaning. The second cc,ntrc, l

system controls the aluminum depositic, n.

Pumpdown Control System (see Figure 3.4. 1.3-0):

-Varian Liquid Nitrogen Level Contr,:,ller (model #972-

1100). Assures that LN2 continues to go to the diffusic, n

pump ,-o,:,iing baffles.

- Var ian Automatic Valve Sequencer (model #971-1016).

Opens and cl,:,ses the vacuum valves, based on varic, us pres-

sure readings thrc, ughout the vacuum system, in the correct

c,rder to pump down the chamber.

- Varian 843 Ratiomatic Ionization Gauge Cc, ntrol Unit

(model #0843-K3100-3('}2). The interface between the pres-

sure gauges and the Automatic Valve Sequencer. Sends sig-
nals to, the valve sequencer t,:, indicate which valve to

open Measures pressure frc, m o Tort to 10 °$ Torr

- Varian 531 Thermocouple Gauge (mc,del #0531-F0472-3('_3).

Measures pressure from 2 Tc,rr to I0 -i Tort. Sends the

pressure reading to, the 843 Gauge Cc,ntroller.

- Varian 563 Series Ionization Gauge Tube (model #0563-

K2466-303). Measures pressure from 10 -3 Torr to 2X10 -'°

Tort. Sends the pressure reading to the 843 Gauge
Contr,:,l let.

- Varian 815 Thermocouple Gauge Controller (model #(:>815-

L57('_0-301 ) • . Mc, n itor s pressures in the chamber and

fc,reline for the range of 760 Tort to 10 "_ Tort. Sends sig-

nal to the Valve Sequencer.

- Varian 536 Thermocc, uple Gauge (model #0536-L6141-303).

Measures pressure frc, m 760 Tc,rr to 10 -3 T,:,rr. Attached to

the 815 Gauge Controller.

- SDC-100 High Voltage Power Supply (model #276410-2).

Provides the large voltage required for glow discharge

final ,:leaning. It attaches to the Valve Sequencer. When

the correct chamber pressure is reached the voltage turns
on.

-i_2



Aluminum Deposition Control System (see Figure 3.4.1.3-i):

- Inficon Deposition Rate Controller (model #IC-6c)c)O).

Controls the rate of deposit ion by controlling the

el e,-_tr icity flow (via the Power Cont r,-,l1 er ) to the

tungsten filaments and by monitoring the thickness of the

coating and the temperature of the filaments.

- Halmar SCR Power Controller (model #SCR-3P-48-120).

Re,:ieves instru,=tion from the Dep,:,sition Rate Controller

to either ramp Lip the power to the tungsten filaments or

to give less.

- Intel lemetr its Crystal Thin Film Thickness Monitc, r

(mc,del #1L8OODNC). M,:,nitors the aluminum film thickness

and the rate of deposition. Feeds this information back

to the Deposition Rate C,z,ntroller.

- Ther moc,z, up i e Temperature Sensor (mc,del # - to be

determined). Measures the temperature c,f the filaments.

Feeds this information to the Depc, sitic, n Rate Controller.

v

The ab,z,ve ,:,ontrol systems are "turnkey" systems. Once the

process has been started, the ,_-¢,ntrols take ,:are of all

the details. They can also be swit0:hed to manual for c,z°m-

plete control, by a person, of the coating process. There

is the possible c0ption of ,:onnecting the tw0-, ,_-ontrol sys-

tems together. This needs further study.

The manufacturers' specifi,zations sheets for the listed

,_-omponents are ,_-ontained at the end of this se,ztion. All

the controls are to be placed in a standard nineteen inch

rack and located close to a vacuum chamber viewport.

Figure 3.4. 1.3-2 shc, ws the desired ic.:ations of the ther-

mocouple and ionization gauges.

An example ¢,f a vacuum chamber and it's corresponding con-

trol systems can be seen in Figures 3.4. 1.3-3 and 3.4. 1.3-
4. Nc0te that this vacuum system has two diffusion pumps.
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AUTOMATIC VALVE CONTROL

MODEL 971-1016

Reliable...versatile performance
THE PROVEN VALVE CONTROL

FOR AUTOMATIC VACUUM SYSTEMS

' ,T-t;'
Iv'-.

!: = /;i
L::-':,'

i

q

1

GENERAL DESCRIPTION

The AutomatLc Valve Control provides complete automatic

vacuum system valve cycling from atmosphere to high vac-

uum pressures. The unit Model Number 971-1016. secluen-

tially operates four electrically actuated, pneumatic valves

with complete assurance against operator error or power

failure. The unit provides repeatable, trouble-free operation

in both _roduction and laboratory applications.

Available in a standard rack mounted configuration, the

valve control provides four modes of operation: Automatic,

Locked Stop (standby), Locked Start (high vacuum) and

Manual. All switches are located behind a hinged panel

which may be locked if uninterrupted automatic control

is desired. A schematic diagram on the panel locates each

valve in the system and is light-keyed to indicate whether

individual valves are open or closed.

This new valve control unit is designed to operate in con-

junction with the Varian Model 843 Ratiomatic Ionization

Gauge Control Unit'. In operation, the gauge control

signals the valve control when the roughing - high vacuum

crossover point is reached (interface cable is supplied with

the valve control). In turn, when the valve control START,

STOP or POWER-OFF switches are depressed, it remotely

turns off the ion gauge filament.

" Model 843 Ion Gauge Control described in publication

number VAC 1078.

MODE SELECTIONS

Art toma tic

The start button brings the pressure in the chamber +tom

atmosphere to full high vacuum. In this position, the valves

are automatically sequenced at the prooer t_me.

Locked Stop (standby)

In this position only the foreline valve is open. This leaves

the chamber air released and places the vacuum system in

tamper-proof, standby condition ready for subsequent

quick pumpdown of the chamber,

Locked Start (high vactlulll}

When set to this position and the start button is depressed.

the system will cycle to full high vacuum and remain in th_s

state until the mode selector switch is altered.

Manual

When the unit is in this mode, each valve may be operated

by means of individual switches located behind the Iockabte

panel. This allows experienced personnel to operate the

system in special applications, or to permit greater flex ibilitv

in maintenance or trouble shooting. The vane control does

not provide any interlocks in the manual mode.

In all modes of operation, a power failure will automatically

cause all valves to close. The valves will remain closed untd

the power-on button is manually depressed. At this trine

the foreline valve will open in all modes except manual+

When the start button is depressed and if the chamber pres-

sure is greater than crossover setpomt established by the

ion gauge control, the system witl rough oump the chamber

before returning to high vacuum operation.

Q Thin Film

Technology Division

611 Hansen Way

PaloAlto, CA 94303

varian

Varian GmbH, D-7000

Stuttgart-Vaihingen

Handwerkstrasse 5-7

West Germany

Varian SpA

Via Varian

10040 Leini

Torino, Italy
- + £,'+





DESCRIPTION

._lJ,.I, ............_..
_'_-._'Y.:._._-_:_-' _,:,

..;_ _:.'2-._1_.l_".- -_-- .__-.O-e-_- _ _

Figure I. Vacuum Process Control, Fron£ View

_,__l_r-_,_,_,__. .....,

t_ U4TULO¢i INT|IqI.OCK

0¢t81 ¢ok'r_o_

Figure 2. Vacuum Process Control, Rear View
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HOT FILAMENT GAUGE CONTROLLERS

843 RATIOMATIC _ IONIZATION GAUGE CONTROLLER
"he 843 F_auomatzc contro(ler e_iminates emission, zero, and o_er ac_us_nent=. 't measures pressure from 10 "_Tort _o 2 Tort The 843 Ls

:c_ an ion and _herrnocoupte gauge controller and can be supptiecl wLth [/lree op0onal procssi conTol set point= - _'wvo_n gauge and one

._en_ocou_te. An automa_c filament turn-on opoon is also avaJlalole.

outline drawing inches(mm)

II

_e vlew

1Q.O0
r441_.dm

Jm 17.._1

ooooo

ordering Information

Power required:
Range:

Degas:
Recorder Ou_0ut:

Process ContToi Contact Rating:

Overpressum Point:
Recommended Gauge Tubes:

I specifications

100W. 115/230V, 50/60 Hz
10.4 tO 1.0 x 104 Torr (ion gauge);

1.0 x 10 `0 to 2 Torr (TC gauge)
50W resistance w/standercl cable

Oto5V. W/decade, 10 4 to 10.3 Torr

5,6,@ 115 VAC/24 VOC
?.xl0 "° Torr

563, 571, and 572 Bayard-Alper¢

type ion gauge tubes: 531
_ermocouple gauge tube.

Order Number Wt (Ib) Pdce

843 ra_omatic ioniz,ttion gauge controller and standard
lO'cable$ ....................... 0843-K3100-301 ........................... 15.;,, ............................... $ 1,150

843 with three set point=, 2 ion, 1 TC ............................................. 0843-K3 I00_02 .......................... 1_
1,250

Auto filament lure-on .................................................................... 08g I-K3 I?..B-301 ...................................................................... 237

Replacement cable=.
10' TC cable ................................................................. 0881 -K1649-301 ............................. 1 ........................................... 71

10' ion gauge cable ...................................................... 0881-1<,3143-310 ............................. 1 ............................ 158

NOTES: (I) Indudes all standard length cabling.

(2) SpeciaJ-length cable quotations are available upon request.

V _

..... , ._,;_,,_'%YJhL_,, ,



SIMPLIFIED CIRCUIT-UNIQUE RATIQMATICCONCEPT ELIMINATES

ONE-THIRD OF THE CIRCUITRY AND SIZE OF CONVENTIONAL ION GAUGE DESIGN.

Improved accuracy with meter displaying log and decade _cales. Emission light indicates when necessary emisston ,s es-

Decade scale has the advantage of constant accuracy display tabiished and a|so whether the gauge tube is contamma.
er conventional linear scale, ted beyond e useful level.

=sily adjusted optional ion gauge setpoints

"" are independent of range switch.

-" Setpoint= are safeguarded-when gauge filament

;;7 is off and gauge control is on, the meter reads

: full scale and the setpoint_ are prevented from

: tripping...,_ ::; " :- .

., , , .o , •

"c

I

Two independent constant current TC circuits for con.

tinuous reading to 2 Tort. Constant current TC circuits

eliminate calibration changes due to voltage drops. (Pro-

vided on 843 only.)

115/230 volt. 50/60 Hz opera-

tion with switch change.

Filament status relay can be used as setpoint

with fixed pressure trip of 2 x 10 -] Torr.

Remote filament turn-on contacts.

Continuous recorder output. _\

Tile
The Ratiomatic gauge controls use a new principle

and unique circuitry to measure gas pressure with

standard hot filament vacuum ionization gauges.

ion gauge pressure measurement is based on _he

following relationship:

p=i .+ (1/S) WhereP =PressureinTOrr
i-

i+ = ion current (in am_s}

i- = ionizing current (in ampsl(emission)

S = Gauge sensitivity (Torr -_) (deter.

mined by gauge tube geometry)

Conventional ionization gauge controls interpret

and execute this relationship with the objective

being a gauge control out;3ut display that =sa func•

tion of pressure. To date, this obiective has been

accomplished by regulating the ionizing current

i- and indicating the ionized current i+ as a func.

tion of pressure.

RATIOMATICI)IIlltCII'LE
Since voltage fluctuations, contamination by

process gases, exposure to atmosphere, and

chan_es of filament temperature at high oressures
(10 -_ and above) cause very large variations in

i-, careful regulation is necessary to avoid gross

errors•

The new gauge controls, using the Ratiomatic

technique developed by Varian. differ from all

previous controls in the interpretation of the
i+

pressure indication P = _(1/S). As a resutt, the

need for regulation of i- and {ts attendant ,prob-

lems are eliminated.

In the 842 and 843 circuits, this is impleme'_ted

by an analog microprocessor that measures i+

and i- continuously and generates a signal voltage

proportional to gas pressure, independent of

the absolute values of either i+ of i-.

J
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563 SERIES BAYARD-ALPERT TYPE STANDARD RANGE IONIZAT10N
GAUGE TUBES

,"he 563 is a rugged gauge w_th w_de range of i_near resl_0nse: 2 x 10 "1° to 1 x 104 Ton'.The pla_num coa_ng reside ff_ebulb _eids _e

;auge emments from e_ec1_osta_c cha,_es a( low pressures and drams off the sta_c ctlatges whictl can _udd up at hRh pressures. The 56
s avajiahle m a Vatle_ of tubuLat;ons. v

_ outline drawlnginches(mm)

ordering Information

SensitJ_:

Opera_g Ratings:

X-Ray Limit

Ol_mling Pressure:
Reoommended Conu_lem:

specifications

10(Tort)'1
0 VOC (oollector); + 180VOC to ground (gdd);. 30 VDC
_o ground, 5 VAC nominaJ (filament)
2x 10"1° Tort. a_mx.
2 x 10 "1° Torr_o 1 x 10"° Tort

843 mlJoma_¢ iomzation gauge controller;

844/845. 880RS. and Multi-Gauge digitaJ ioniza_on
gauge c_ntmilem

Ord_- Number WE (Ib) Price
563 ioniza_lon tube w_'_ _oril-coated iridium filament

1" Nonex lubull_on ...................................................... 0563-K2466-301 ............................. I .......................................$I 25
1° _ tubulM_ ....................................................... 05£_3-K2,46£_302 ............................. 1 .........................................140

On 2-3,'4" ConRat • flange ........................................... 0563-K2466-303 ............................. 2 .........................................205
3/4" Nonex tubulat_on ................................................... 0563-K2466-304 ............................. I ......................................... 125

3/4" Kov_rtubulalJOn .................................................... 0563-K2466-305 ............................. I ......................................... 135

sealed-off ionization gwJge tube
(se_-off st < 5.0 x 104 Tort) ...................................... 0563-K2.4_P307 ............................. I ......................................... 190
1340 c_mpmuion vacuum sea], 1". ............................. 1340-F020S-382 ............................. 1 ......................................... 120

1340 compmIsion vacuum seal, 3/4". .......................... 1340-F0205-374 ............................. I ......................................... 120



_ _-_ AND A, ,_,z_.soRI--__" '--__Rk,IOCOUPI = GA"JG CONTROLL _- "'_

Additional Thermocouple Controllers can be found on pages 304 - 306.

Vanan's mermocouple gauge con_"ollers, wi_ _e excep_cn of the model 815", feature a 10 .3 to 2 Ton" pressure range, patentea"" am_Lent

lempereture compensa_on, line voltage re<3ulat_on,and recorOer oueut. The 531 ¢_ermocouple gauge tube is reoommenOec: for use w_h

_ese c._n_'_lers.

"The 815 has a pressure range of 10 -3 _ 760 Ton'. "" U.S. Patent No. 3,440,884

Ci_ F_T R-SPOk'SE WlD- ,_ANuE THERMOCOUPLEGAUGE CONTROLLEF

The 815 fast response _ermocouple gauge conIzoller and

536 thermocouple gauge tube are ideaJiy suited for a wide

rar_je of applications where rapid, repel]t/re pumpdown
from atmosphere to 10 .3 Ton", asso_ated accurate pressure

rnonitonng and process co_1_ol are required.

specifications

Power: 100/120/200/230/240 VAC ± 10%,
50/60 Hz (factor/set), 10 W

Range: 1.0 x 10 .3 Ton" to =¢nosphere

Recorder Output: 0-10V (non linear)

Pmc, ess Control Contact Ratings: (2) S.P.D.T. Contacts,
3A @ 30 VDC/30OVAC

Temperature Range: 0°C to 500 C
Response Time: < 0,6 seoond for a step change in pressure

from 1.0 x 10 "3Ton'to atmosphere
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ordering Information
Order Number Wt. (Ib) Price

815, 50/60 Hz, Tort"dsptay, wi_1536 gauge tube
120 VAC ....................................................................... 0815-L,5700.-301 ............................. 2 ....................................... $655
2.30 VAC ....................................................................... 0815-L5700-302 ............................. 2 ......................................... 655

100 VAC ....................................................................... 0815-L5700-303 ............................. 2 ......................................... 655
200 VAC ....................................................................... 0815-L5700-.304 ............................. 2 ......................................... 655

240 VAC ....................................................................... 0815-Lb'700-305 ............................. 2 ......................................... 655

815, 50/60 Hz, mb_" di=_ay, wlth 536 gauge tube
120 VAC ....................................................................... 0815-L5700-306 ............................. 2 ......................................... 655
230 VAC ....................................................................... 0815-L5700-307 ............................. 2 ......................................... 655
100 VAC ....................................................................... 0815-L5700-308 ............................. 2 ......................................... 655

200 VAC ....................................................................... 0815-L5700-3_ ............................. 2 ......................................... 655

240 VAC ....................................................................... 0815-L5700-310 ............................. 2 ......................................... 555

815 mptac_nent gauge cable _nd bracket assembly ................... 0881-L5722-,301 ............................. 2 ........................................... 74



TUBES 'THERMOCOUPLE GAU(.

531 THERMOCOUPLE & 536

! ordering Information

FiTament Current:

Response Time:

Range:
Output:

Bakeability:
Heater Resistance:

Cable Connection:
Pins:

BAFFLED THERMOCOUPLE GAUGE TUBES

The 531 Thermocouple gauge tube is desagned sgec_ficaJly for usew_ _e

800 Senes gauge controllers. The 531 provides continuous an(_ accura_

indicaoon of totaJ pressure from 10"`1to 2.0 Ton-absolute. Deveiooea to

combine rugged depenaa_ility and outstanaing per_rmance, ',he 531 offers
fast response and law power dr-aun. The gauge _savadaJ_le in staznless stael

or mcksI-plated mild stBel.

The 536 bafflea _ermocouple gauge tupe is designed specificaJly br use

• nth the 815 senes gauge controllers. The 536 pmwdes continuous and

accurate indicetzon of totaJ pressure from 1 x 10.3 Tort"to atmosphere.

Developed to cemioine ruggecI dependability and outstanding pertorman_,
t_e 531 offers fast response and low power dram. The gauge _sav_ulable tn
st=unless steel.

:=

I outllne drawing inches(ram)

_2

O.5 (3.0S_

0-_ . I l, 2.7) 'PIS o.,

( ,

(77) 5311536 Gauge Tube i

specifications

165 mA (gjves 11 mV across thermocouple at ¢_ressures below I 0"`1 TorT)

3sec(10 "J to 1.0 Torr),(when usedwith 800 senescontz'ollers)
< 0.6 second from 1 x 10" Torr to aim (when used with 815 sanes ¢on_'ollers

1.0 x 10"`1to 2Tort

0-11 mV

Approximately 150°C
Approximately 1.4 ohms

OctaJ base (std.)
Nlokel-imn alloy (Ni 48%, Fe 52%) _,

-?

Order Number Wt. (Ib) Price -

S31 thermocouple gauge

NicJ¢ei-plated mild steel ................................................ 0531-F0472-3010531-F0472-303............................. 11....................................... $ 5548 -.£
Type 304 stainless steel ............................................... ............................. ........................................... L+_

Recommended Cone'ollers: 800 Series _ermocouple conl_oilers;
84?./843 rat;omatJc ionizat,on gauge controllers; 8441845, 880RS, "_

880, Multi-Gauge, and digitaJ ionizatson gauge controllers. _._'_

For KLAMP-FLANGE r" - female adapters, see page 249. ,i*j._
536 baffled TC tube type 304 stainless steel ................................. 0536-L6141-303 ............................. 1 ...........................................

v -167
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HIGH VOLTAGE POWER SUPPLY .....

TYPE SDC-IO0

FEATURES

• 0-5000 Volts DC at 300 M.Illlau_ps
ConUnuous Duty

• Available With Feedthroughs For

Glow Discharge Cleaning

• High-Voltage Polarity Easily
Reversed

• High-Reactance Power Transformer

• Safety Switch Prevents OperaUon
When Vacuum Chamber Is At

Atmospheric P_ssur_

• Useful for DC Diode Sputtering Or

surfaces by glow discharge prior to thin.

film depositJon. Glow discharge cleaning,
a preferred method of cleaning subs_ates
in a vacuum, removes the last

monomolecuiar layer wilich ordinary

DC Biased RF Sputtertn_ _:_

j_

APPLICATIONS - _'_;*-': ,'J_ z'" _._- _' -'Ji: _/F ,L' "7 , ..... - _:

The SDC. 100 Power Supply is rated to cleaning with detergents or _lcohol fails to _ NO ARC DISCHARGE /-
de!iver up to 300 mdliamps at 5000 volts remove. To attain maximum adherence to

DC on a comJnuous duty cycle. The deposited thin films, this layer must be. = 0_e high-reactance transformer in the
intermittent duty rating is up to 500 removed. _%-.Z L'-" SDC. 100 Power Supply limits the output
miiliamps. This unit. used with the <_,<_,.._ voltage to a value below that required to ,
EvaporatJonFJts.cleanssubstrate The SDC. IO0 Power Supply can als(_Y_eJ-'f sust_inan _rc dlschargeinvacuum .... -'

used as a power source for DC diode _ _ _ _._-/"_ ' _ ,_, . , " -
sputtenng of thin films, electron beam - " t.- _ "_- _ ,_,)9., _.

and electron bombardment heating, or _"¢O/ SOLID-STATE RELIABILITY

other applications which require a high- '_, V"
voltage, high-reactance power supply. The SDC. 100 Power Supply uses siticon

diode stacks which provide greater

re!lability than vacuum tube rect:fiers. No
SPECIFICATIONS warm-up time is required.

1. Power Supply

Height .............................................................. 8 3/4':
Width .................................................................. t9"

Depth ................................................................. 15'"

[nput Power ........... 208-240 volts. 50.60 Hertz, single phase, 15 amps maximum
DC ©u_put Voltage .... 0-5000 volts, continuously variable, 300 milliamps continuous
Master Circuit Breaker ............................................... 1.5 amps

_e_ Weight ......................................................... 140 Ibs.

Shipping Weight ..... "............................................... 164 Ibs.

2. Feedthroughs

Type AJ_-Q02 .............. Fits I/2" FPT hole: rated for 25.000 volts l0 amps DC:
100"C maximum bakeout temperature.

Type AF_..004-]55 .......... Fits I _/_=" hole: rated for 25,000 volts, 10 amps DC:
100"C ma_umum bakeout temperature.

ORDERING INFORMATION

Description Part Number
High .Voltage Power Supply SDC. ] 00 .................................. 2764 i 0
High.Voltage Power Supply vat.hAE.-002 Feedthrough and

Pressure Switch SDC. 100-1 ..................................... 276410-1

High.Voltage Power Supply with AE-004.15.5 Feedthrough, Pressure Switch
and Needle Valve SDC-]00.2 .................................... 276410-2

SAFETYFEATURES

A pressure.sensitJve s_tch is provided

_th the SDC- 100 gtow discharge
c!eaning packages. Vv*neninstailed in a
vacuum chamber, this switch opens the

power input circuit whde the chamber is at
atmosphenc pressure. An added design
feature prevents the pressure switch from
activating _e power supply without the
operator being aware of it. A safety

interlock svatch opens the power input
circuit whenever the cover of" ',.hepower

supply is removed.

SIMPLE TO INSTALL

The SDC. IO0 Power Supply isavadable
witha choiceof htgh-voitage

feedthroughs for instaJlation in most ,_'
vacuum systems. The standard cab_r_et
can be easily mounted in a [g-inch rack:

Ten-Foot long high-voltage leads provide
flexibility in locating the power supply.

-t6_.



InficoffsIC-6000°dep osition
controllerisnot as good as it usedto be.

Now, it'seven better.
We couldn't leave well enough alone. Why? Because crystal failure, gives you automatic, uninterrupted

"well enough" isn't "good enough" at Inficon. So
we've taken our IC-6000, the industry's most popular

multi-film vacuum deposition controUer, and made

it better--to .give you more applications flexibility
than ever before.

Here are the improvements you'll benefit from.

"Sample and Hold" is a new, powerful software
o_tion that provides a practical means of rate control

for tong-term sputtering and thermal evaporation

processes. The "Interracial Layering'" software

option permits the deposition'of a transitional zone

between two sequential materials.
Plus, we developed a new shuttered sensor head

to improve measurement accuracy in a multi-material

process by dedicating one sensor to one source.
And what makes these options even better is the

fact that they can be retrofitted on an)" IC-6000.

Some things can't be improved upon.
So we didn't change the real-time CRT display of

the deposition profile• Nor did we modify the user

programmable process and I./O controls. "And we still
offer five sensor heads--including our patented

so>uttering sensor--for various avpiications, as well
a_our own Co, stalSwitch'" which, in the event o_

rate control.
We've combined these features with factory, sup-

dPort and nationwide field service to meet your special
emands--part of the reason why there are over

1,000 [C-6000s in use today.

There's more to be said and read about the "new"

IC-6000.
But there's not room for it here. Please contact your

Inficon sales representative--or us--to get more

[C-6000 data.
Fred out how we made the [C-6000 better. For you.

INFICON
LEYBOLD-HERAEUS

6500 Fly Road, East Syracuse. New York 13057
(315) 437-0377, TWX: 710 541-0594

1455 Airport Boulevard. San Iose. Califorma 95_ I0
(408) 279- t425 TWX: 910 338-,3144

In Canada: (416) 746.0050 TWX: 6i0 492-1340

IC.6000 '_mis a registered trademark of In/icon Le_ _old .Heraeus.

• Cc,,stalSwLtch" is a trademark at"Iniicon Le,.cotd-Heraeus. - _ .:



l e-Please, Si×-SCR,

I"l , ,se-Fired IViodels

l'tated 60 throL gi 225 amperes

Features
• Conservative thermal design increases

service life, minimizes maintenance

• Compact design

• Electrically isolated heat sinks

• Phase-locked-loop synchronization

• Infinite firing-angle resoiution allows

stepless control

• Optical isolation of inF.,: signal

• Power-up softstart for :_.uctive loads

= Pulse-train gating ensures reliable

SCR firing

• SCRs rated 1,400 PIV

• 12t fuses, MOVs and dv/dt networks
- 'tect SCRs

• age regulated (current/power

available)

• Power linear

• Two-year warranty

• (_ '_ Certification available

i,

Frontview,typical60- through22S-ampereunit

Description

"3P" designates Halmar's new line of three-phase, six-
SCR, phase-controlled SCR Power Controls. They are
used for precisely controlling ac power to resistive and
inductive loads. The 3P controls all standard line volt-

ages ( 120, 208,240, 400, 480 and 575 V ac) at either 50
or 60 Hz and can be modified for non.standard voltages.
Current ratings range to 1,200 amperes. This sheet cov-
ers models for 60 through 225 amperes.

A softstart feature brings output voltage up slowly
to prevent saturation oi" inductive loads. The softstart
circuit also resets at'ter a power loss. Other features
of the unit include a digitally-controlled firing circuit
with optically-isolated input, phase-locked-loop syn-
chronization, isolated pulse-train gate signals and volt-
age regulation. These features ensure precise, stable
co.'-_l and increase SCR firing precision and reliability

_,P can be matched to any standard temperature
o; .ess controller. Manual output control can be by
the unit's own BIAS and GAIN potentJometers, or from

a remote potentiometer. Output power is proportional
to the input control signal with output voltage being
regulated to remain constant as line voltage changes.
External SCR shutdown may be accomplished using a
customer provided contact to common. Options are
available for other control methods (see reverse).

I2t fuses and MOVs protect SCRs from transient volt-
ages and current surges. False firing (dv/dt) protection
is also included. GAIN and BIAS controls and control

connection terminal strip are all on the front cover. The
cover is hinged to provide component and user protec-
tion as well as quick access for power wiring and
maintenance.

Two-year warranty

The 3P Series has been conservatively designed and
engineered to provide years or"troabie-free service. The
3P Series represents a new standard in SCR Power Con-
trols and is offered with a two-year warranty covering
parts and labor.

- t ,'_-
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Specifications

I.. This page shows specifics for 60- I:hrough 225-ampere
models. Shipping weighi; for these modeis is approx-
imately 40 [b., ].8.2 kg.

-_. See "Introduction to Phase-Fired Controls" for Gen-

era] Specifications.

Ordering Information

1. Specify complete Mode] No. from table. Then, to order
any of the options add dash and letters to Model No.
Example: -CR, after the Mode[ N'o., adds a three-
phase Current Regulation opuon.

2. If temperature/process controller is used, specify con-
trol signal level.

Options (all options are plug in for convenience)

Complete details for standard options are presented
in "Opt.ions for Phase-Fired Controls" sheet (at end of
P Series sheets). Options for three-phase controls are:
CR -- Current Regulation, Three Phase.
PR- Power Regulation, Three Phase.
CL-- Current Limit, Three Phase.
OC --Overcurrent Trip, Three Phase.

All options include required transformers. For infor-
mation about other options, please consult factory.

HALMAR ELECTFtONICS, INC. • 900 North Hague Avenue Columbus, Ohio USA - 1 7 :

Telephon e 614.-275--0530 TWX 810-482-1654 Facsimile 614-274-2559

',',*ESTEANS_,LESOFglCE 1614WBer_truoC:.Chan_er _,ZUS_ _



• QUARTZ CRYSTAL

INTELLEMETRICS ILS00

THIN

II Film Thickness 15
FILM MONITOR CONTROLLER

The IIA00 thin t'flm thickness monitor and control/er
is the most versatile instrument of its kind available. It
uses the normal quartz crystal sensor to measures rate
and thickness of the deposition process. Unlike all
other thin f'flm controllers, however, the FLBO0perrmts
<-y'nchroruzation between events that it controls and

other instruments. This is achieved by embedding
commands at any point or time in the process, either
in hardware handshakes (through the input/output
option) or m soft'ware (through the RS232 or IEEE
options).

Increasingly, broad-based materials technology is
concerned with multi-component alloys or
co-deposited compounds. This demands not only
flexibility of the process prof'de, but very
sophistmated communications between numerous
control/ers. The ILgO0 has the flexibility and
progranmmbility to mesh wlth other process
msmunentation or other ILSO0 unRs.

The process control possibilities are so numerous that
we cannot describe even a small fracUon. We have
chosen two examples which we hope spark the
imagirution. The II,A00's are progr_uned by a
mnemonic code. We have displayed this code that
the operator enters from the front panel into one or
more ILgOO's and expanded this to show what these
codes mean and what the instrumentation is doing at
that point.

• TECHNICAL DATA

LKurt J. Lesker
Company

15 -'+
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15 il Film Thickness

• QUARTZ CRYSTAL THIN FILM

INTELLEMETRICS IL800

rn the t'u'st example, a number of IIA00's interact to
direct the co-deposition of an alloy. The desired
stoich..iometry' of the r'u_al product can only be
produced if the dx,'ee materials are deposited at
measured rates or" (1) 8 nrrvsec, (2) 3 nm/sec or
(3) 1.5 nn'vSec. To control the sources mdependendy,

15- 5

MONITOR CONTROLLER

each crystal is collimated so that Ltonly sees' _he
deposition from its 'own source. Note that _e r2_
ILSOO's have program steps wlaich check and
establish the deposition rates independently for e
material. But the substrate shutter, controlled by

II.800 number 1, is kept closed unrA aLl umts re'pc
that all rates are as required.

Kurt J. Leskt
Com_



• QUARTZ CRYSTAL THIN

INTELLEMETRICS ILSO0

The realpower of the II._O0isshown in thisprocess

control application, in which a 250-nm layer of silicon
dioxide is sputter deposited at a rate of 2 nm/s. The

process development engineers have determined that,
co achieve the stoichiometry SiOz (and not SiOl.8),

oxygen must flow into the chamber during deposition

and this flow rate must increase half'way through the

deposition. The oxygen flow is controfled by a mass

II Film Thickness 15
FILM MONITOR CONTROLLER

flow controller which responds co an anaJog voltage.

The first flow rate requires a signal of 1.0 V. the

second 2.0 V and 0.0 V turns the flow off. The u'utml

pumpdown takes 40 minutes, and quality of the

residual gases is checked by turning on a

quadrupole mass spectrometer and ensuring _at
the residual water peak signal (the RGA is set at
m/e - 18) is below 0.5 V.

,ks these examples show, the mnemorucs make the

programming almost in English. The supertwist

graphics LCD display has two formats: an alpha-

numeric display used during programming and

process display, and a graphics display of power vs.
:ime for showing the current status as a chart.

The 11,800 has an extensive array of special functions

which indicate time elapse since the process started,

crystal failure, failure to hold correct rate, alarms and
an exceptionally easy 'test' function which lets

the user check the proposed program before the
initial run.

Kurt J. Lesker
Company

15-6
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15 II Film Thickness

• QUARTZ CRYSTAL THIN FILM

INTELLEMETRICS IL800

In the Ordenng Informauon, the descnpuon
complete controller' refers to an assembly Lncludmg a
cha.ssis, a crystal sensor head (single or double), an
oscillator, a vacuum feedthmugh, and cables. ,_ll
[LSO0 chasszs can operate double crystal sensor heads
and are programmed to chm_ge over from rust to
second crystal automaracally when faLlure occurs.

MONITOR CONTROLLER

UnlessspecLficaUystated,,'hefeedd'u'oughsfit1'

b_e-plateportsand sensor/feedfl'u'ougn
combinationsarenon-bakeable.For umts desc:':b

a.s UHV, the feedthrough Lsa 2 3:4" Corulat flange
and the sensor/feedthrough combination is bakea
to 250°C.

• ORDERING INFORMATION - ILS00 Controller

• ORDERING INFORMATION - Crystal Sensor Heads

Shutter/solenoidCrIV)"

• ORDERING INFORMATION - Accessories

15 - 7

Kurt I. Leskt
Com._



INTELLEMETRICS MODEL 630

The 630 range of quartz crystal sensor heads from
Intellemetrics incorporates innovative features to

extend their applicauon to processes requiring rapid
change of sensor crystal or where shuttered sensor
heads are needed to protect the crystal from heavy
deposition. This new sensor desigK is _uLly
compatible with the ILSO0 f'dm thickness controller.

The Model 630 sensor head is a stainless steel
investment casting with I/8, OD _ess steel water
rubes. The maximum temperature of the sensor
designed for high vacuum use is 100oC.

Changing crystals in the 630 sensor head takes ordy
seconds. A sensor crystal is pre-loaded into a sturdy
cassette which snaps into and out of place on the
sensor head. The operator never handles a bare

crystal, with all the maneuvering and breakage
difficulties that poses. Cassettes are made of stainless
steel, alumina ceramic and gold plated Be-Cu
electrodes. The crystal is 6.0-MHz, AT-cut piano
convex quartz.

Shuttered sensors have Presented many problems to
usersinthepast. The depositionthattheshutter

eliminated from the crystalsurface clogged the
shutter's pivoting mechanism. Shutters all too reacliIy
'froze' in place.

I! Film Thickness 1 3

QUARTZ CRYSTAL SENSOR HEADS

 te eme  . so!. ed problemby ,he
u_er w_m me _mear motion of a bellows ex-tended

against a return spnng by compressed air. The
bellows and spring are completely enclosed and
cannot be frozen by heavy deposition. Test
assemblies have been checked, under heaw

deposition conditions, to give over 5000 operations
without adjustment or failure.

The shmter assembly is an integraj part of the
double crystal sensor head and can be fitted to a

,_egle. sensor head for sample and hold operauons.
soutter is supplied complete with a solenoid

which is driven directly from an/I,800 without any
modification or extra interface boards.

When ordering, select the type of sensor by its part
number and add the part number for the type of
feedthrough as a separate item. Spec_ the tube
length (distance between sensor and feedthrough) as
either 250 turn, 500 ram or 750 ram. The sensor
head, tubes and vacuum feedthrough will be welded
together and checked for leaks and operation before
shipping. Sensor heads are supplied with necessary
oscillators and Intert:onnection cables (including
cables and tube for solenoids if shuttered sensor is
purchased).

• ORDERING INFORMATION.
Model 630 Sensor Heads

• ORDERING INFORMATION.

Model 630 Rep|acemen_

, urt J. Lesker
-- Company

15 - 8 -i--,-6
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15 II Film Thickness

• QUARTZ CRYSTAL SENSOR HEADS

INTELLEMETRICS MODEL 630

BE L L.r1',,,+S

SPRING L0 CAT'TR

/ /

q

_ETAIL 0F SHUTTER ON DOUBLE CRYSTAL

ALL 91MENS_ONS IN _ UNLESS OTHER wISE STATED

i h
i i

'- - 2900 ....

SINGLE CRYSTAL

SENSOR HEAD IL63t

i i

b i

L_._ - 3B.00 ...... "J

SINGLE CRYSTAL

VITH SHUTTER 1L632

i +

L......... 56.50 ............

T_0UBLE CRYSTAL

WITH SHUTTER [L633

....._-..........23o.0........_ .....-,

+

ESS_

_S

i

i

i

_GSS]

ILFTQF

2 5" CgNFLAT

cC

l _EZS]

[LFTCF

Kurt I. Lesker
• Comp_n_
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3.4. 1.4 Coating Apparatus (Interi,-,r)

A general form for the apparatus to perform the aluminum

coating can be seen in Figure 3.4.1.4-0. It consists c,f

an arrangement of tungsten filaments. The main pieces of

equipment:

- R.D. Mathis Tungsten Filaments (model #F4-4×.O30W) -

used t,:, melt and then vaporize the aluminum staples

- Midwest Tungsten Service, In,_-. Stand-off Bars (model #-

to, be determined:)- these h,:,id the tungsten filaments.

- High Current/Low Vc, ltage Pc,wer Supply - to be determined

The manufa0:turers spe,:ifications for the a_ove items ,:an

be found at the end of this section. Note that the ,:on-

tr,:,is for this apparatus are given in Section 3.4.1.3.

The procedure for installing filament in the chamber for

the primary mirror ,of Canada-Fran,:e-Hawaii Observatory is

given in Figure 3.4.1.4-1.

Assuming that the desired thi,zkness ,of the aluminum coat-

ing be IC_00 Angstroms, the following tungsten filament ar-

rangements shc, uld give a uniformity ,:,f at least 10% (+5c:)

Angstroms) :

I) One cir,zle of forty filaments at ,one substrate

diameter away fr,om the mirrc, r ,:0r

2) Three ,zoncentric circles, the outer circle 100 inches

in diameter cc, ntaining 24 filaments, the middle circle 5(:)

inches in diameter containing 12 filaments, and the inner

circle containing 4 filaments.

There are ,z,ther arrangements that would do the j,z,b. These

are the ,ones suggested by the William Brc, wn, the primary

mirror vacuum chamber c,z,n,zeptual design ¢,-,ntractor. His

full report is f,-,und in Appendix D.

Figures 3.4. 1.4-6 through -5 are photographs ,0f the coat-

ing apparatus used in the vacuum chamber for the 120 inch

mirror at Li,:k Observatory, Mt. Hamilton, California. It

consists ,:,f two ,:on,:entric circles ,0f tungsten filaments.

Figure 3.4.1.4-I shows both circles of filaments. Figure

3.4.1.4-2 is a closeup of the inner ,:ircle. The last two,



figures give a view of h,z,wthe coating apparatus is _-:n-
netted thr,:,ugh the wall ,:f the chamber. How SOFIA's :oar-
ing a_aratus is t,:, be connected _o anc_through t,he :ham-
her wall has yet t,:, be determined.
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FILAMENT INSTALLATION

!

Filament type: R.D. Mathis (Order as 4 x .030 W RDM-F-16683A)

i. : Install 112 new Tungsten Filaments onto the chamber electrodes

using 10-32 x 3/4" stainless steel Allen Socket flat head
screws. (1/8" Allen Socket opening)

2. Tighten all 224 screws using special torque wrench to insure
equal contact resistance at joint.

Torque setting=

Thomas S. Gregory
1 May 1986

Figure 3.4. 1.4-i

\



Figure 3. 4. 1.4-2

v

\

\

F gure 3.4. I.,4-3



Figure 3.4. 1.4-4

Figure 3.4. 1.4-5



Type Wire Size

•FI--3x.025W

FI--3x.030W

FI--O40W

F2--3 x.O25W

F2--3 x.O30W

F2-.-.4x.O3OW

F3--3 x .025W

F3--3 x .030W

F3--2 x .040W

F3--4 x .030W

F3--040W

F4--3 x.O30W

F4--4x.030 W

F4--2 x.O40W

F4,040W

F5-3 x.025W

F5---3x .030W

F5--4 x .030W

F5--.2x .040W

F5---3x .040W

F5--.O40W

FC-3x .025W

F6--3 x .030W

F6-.--.4x .030W

F6--2 x .040W

FB--3 x .040W

TUNGSTEN FILAMEN

(

6 Coils 3/16 in. I.D.



MIDWEST

_ TUNGSTENSERVICE

Tip 

g TAND-OFF- "_AIR

: f'

J

•"," v,J^t_t4L'lL¢> i

WE ARE HERE TO HELP OUR CUSTOMERS.

4

,j,"

MIDWEST TUNGSTEN SERVICE, INC.

1-800-626-0226

III. 312-325-1001

Telex 6974734MTS





3.4.1.5 Coating Operations and Options

The procedure for coating any mirror can be broken into three

parts: the pumpdown, the actual coating, and returning the

chamber to atmospheric pressure.

The PumPdown

The pumping system was described in Section 3.4.1.2. The

basic operating steps for the chamber pumpdown are:

1) Start up the pumps and control system about two hours

before operation. The oil in the diffusion pump will heat up.

The mechanical pump will pumpdown the foreline.

2) The mirror is placed in the chamber, and, the chamber is

closed and sealed.

3) The roughing valve on the foreline is opened.

4) The mechanical pump takes the chamber from atmospheric

pressure (760 Torr) to 10 -2 Tort. This pressure is refered to as

the crossover pressure.

5) The roughing valve is then closed and the backing valve is

opened. Note that the vacuum valve is still closed.

6) The diffusion pump is brought down to 10 .3 Torr by the

mechanical pump.

7) The vacuum valve is opened.

8) The chamber is pumped down to about 10 -3 Torr by the

diffusion pump.

9) The vacuum valve is throttled down. The glow discharge

power is turned on and a small amount of air is leaked into the

chamber until a glow forms (caused by excited air molecules).

10) The glow discharge apparatus is shut off.
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11) The high vacuum valve is opened fully again and the

diffusion pump brings the chamber down to 10 .6 Torr. This is

where the coating process begins. Note that the backing valve

is kept open.

Note that the control system should be a turnkey system that

automatically performs the above steps 3-11.

The Coating

The coating apparatus consists of an arrangement of tungsten

filaments. In this method, as explained in Section _ 4.1.5, the

aluminum pieces, to be vaporized, are horseshoe shaped. They

are draped over the tungsten filaments. The filaments are

heated by passing a current through them. The aluminum

melts over the filaments, completely coating them. A large

current is passed through the filaments and the aluminum is

vaporized. The aluminum condenses an all surrounding cooler

surfaces, including the substrate. Tungsten is used because of

it's high melting point. This procedure takes time to perfect

and the system must undergo an initial stage of fine tuning.

Uniformity can be controlled by how many aluminum staples

are placed on a single filament. This is part of the fine tuning.

Overcoating of the primary mirror is still under investigation.

Outgasing should not be a concern in this system. The pumping

system will adequately remove any particles from outgasing if

it occurs, but it generally happens at a higher vacuum. A check

must be made to assure that the mirror cell or support are not

made of "poison" materials, i.e. those that never allow you to

achieve a low enough pressure because they continually outgas.
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Return to Atmospheric

The general procedure to return the tunnel to atmospheric is:

1) The vacuum valve is closed.

2) The diffusion pump is turned off. Allow it to cool down for

about two hours. During this time keep cooling to the pump on.

3) Close the backing valve.

4) Turn off the mechanical pump. Allow it to cool same as the

diffusion pump.

5) Open the venting valve on the chamber per manufacturer's

specifications.

"l-lae chamber may be opened and the mirror removed.

The procedures followed by the Aluminizing Plant belonging to

the Canada-France-Hawaii Telescope Corporation in Hawaii, are

found at the end of this section (pages 189-197).
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Canada - France - Hawaii Telescope Corporation

Sheet No.

By J. _,/_u_, Oate_

Ver_fiec_ by Date

Aluminizinq Plant: l

a) Removal of Aluminum; - see attached.

b) Mirror Cleanina/Aluminizinq _?equency: - we currently wash

the primary and secondary every 6 months. Re-aluminize every
24 months.



3.6 Meter Primary Mirror Aluminization

28 July 1986

A. Initial Inspection

On 17 May 1986 the primary mirror removed from the telescope and

delivered to the aluminizing room and placed atop the mirror washing
stand. On 18 May the mirror sides w%re cleaned and the radial

support pads were wrapped in plastic for protection. The mirror

surface was rinsed with tap water to remove loose dirt and then it

was washed with a detergent solution of 100 parts water to I part
Liqui-Nox concentrate. Sponges were used in a dobbing, up-down

motion only so as not to scratch the aluminum surface. Oily spots
were carefully dobbed-up with xylene soaked Kaydry towels. Also,
bubble holes in the surface were cleaned.

The, surface of the cleaned aluminum was inspected for pinholes,
abrasion and scattering due to chemical attack. The surface was

examined by viewing a high intensity lamp in reflection from the

surface. There was a significant amount, perhaps a few percent, of

scattering of the specular reflection into a halo of diffuse light.
Although the coating looked generally good after washing it was felt

that re-coating would produce a significant improvement.

B. Removal of Old Coating

The coating was stripped from the glass surface by flooding it with_- _

a solution of hydrochloric acid and cupric sulfate. After rinsing
the mirror with tap water and drying it with Kaydry towels a

solution of sodium hydroxide was used but had little effect on the

more stubborn residual aluminized areas. Finally the mirror surface

was flooded with de-ionized water and then sprinkled with reagent
calcium carbonate powder and rubbed with Kaydry towels. The calcium

carbonate was sufficient to remove the last residue of aluminum from

the optical surface. The mirror was rinsed with de-ionized water-
and then rubbed dry wits Kaydry towels. Care was taken not to allow

the mirror to dry on its own by evaporation as water spots would be

a likely result. Part of the mirror was kept wet while the other

parts were rubbed dry. After the e_tire mirror surface was

gradually dryed there still remained a large amount of Kaydry to_el
lint sticking to the glass surface a._ a result of the static

electric produced by the rubbing of the clean glass with the paper

towels. This lint was removed wi_ polonium anti-static brushes
before placing t_e mirror im the vacuum chamber.

C. Aluminizati_a

Once the mirror _as placed within _he vacuum chamber, the roughing

pump and roots rDtary lobe blower evacuated the chamber to a

pressure of 5 microns in about I hr. After the cold trap LN 2
chevrons were filled, the diffusion pumps were used to lower the

pressure to below 5 x 10 -5 tort. A glow discharge was performed



THICKNESSOF EVAPORATEDALUMINUMFILM

During the month of April 1986 tests of the CFHT Summit Aluminizing
chamber were carried out to measure the actual thickness and

uniformity of Aluminum coatings produced by the 112 filament array
of evaporation souces. A set of ten test plates were used to

simulate the mirror surface. For the initial test all filaments

were loaded with i0 loops with a weight of .065 grams each. (Loops
are from Jori Resources and are of 99.99% purity.)

The loaded filaments were heated for approximately 5 minutes while

monitoring the amperage at Inner Ring #2 - 330 amps. The _nficon

crystal thickness�Rate of deposition monitor at the end of the 5
minute preheat period was reading 0-1A/second. The total
accumulated thickness after the preheat was 40X.

2

At this time the array voltage was increased and monitored at the
Inner Ring #2 , 25 volts. This voltage was maintained for

approximately 80 seconds during whic_ time the evaporation rate

reached a peak value of 28 _/sec. After a_ elapsed time of 80

seconds the evaporation rate dropped to zero and all power to the

array of filaments was stopped. A total indicated thickness of

652 A was obtained. When the test plates were measured with the
Angstrom-scope interferometer, the following thicknesses wereobtained.

i. Test plates approximating the outer 1 meter annular surface= 884 to 913 A.

2.. Test plates approximating the inner 1 meter annular surface
= I148 kto 1207 A.

It was concluded from these results that a superior coating
uniformity could be obtained by loa_ing outer ring filaments with °lO

loops and inner ring filaments wi_ only 8 loops each. Also, the

Inficon crystal monitor readings are abomt 30% low presumably due to

the closeness of the crystal sensoz to _21e chamber wall (- 150mm).

During the primary mirror alumini_ion j.n May, test plates were
positioned around the circumferenm_, of _he mirror and within the

central hole. After evaporation I_ fo_owin_ thicknesses were

obtained upon the test plates as _sur_ wit_ the interferometer:

a. Circumferential Test PIa_B_s = 812, 795 795. 845 825 913
913, 85q, 756 A. ' ' ' ,

b.

C.

d.

Central Test Plate = 962 • ÷ 30a.

Inficon Measurement = 639 _.

Maximum Deposition Rate = 27 k/second.



to insure cleanliness of the mirror surface. After the glow

discharge, the high vacuum diffusion pumps were used to bring vacuum
to the 10-6 range. The meissner coil was fill_d to aid in the

further reduction of p:essure. Ultimately a pressure of 3 x I0-6

tort was reached in about 3 hours from the time of initial pump-down.

The individual tungsten filaments, each laden with aluminum clips 1

were pre-heated together in a series/parallel circuit for 4 minutes

to bring them all to approximately _000Oc. When the Inficon

crystal thickness monitor indicated 50K of deposited aluminum, the

power to the filaments was increased to the maximum level. Within

30 seconds the Inficon monitor was reading 637A. This thickness,

according to previous tests, corresponds to an actual coating
thickness of 900-950A on the mirror surface. A deposition rate of
27X per second was indicated upon the Inficon monitor.

Interferometric tests were performed upon test plates placed at the

central hole and outside the circumference of the mirror. These

tests, and others performed earlier at zones simulating the mirror
surface, showed the coating to be radially symmetric and even in
deposited thickness to within 150A. The probable wavefront error

induced by the coating process is estimated to be less than or equal
to k/15 at visible wavelengths. During the filament firing, no

drops of molten aluminum fell upon the mirror surface. The

resultant coating looked brilliant and very free of scatter over its

entire area and showed no signs of bloom or diffusion pump

backstreaming. No wipe marks or haze due to incomplete cleaning w-
observed upon the mirror surface.

D. Adhesion Test

A scotch tape test was performed on the outer bevel and upon the

actual mirror surface one inch inside the outer circumference No

aluminum was removed by the tape at either site and it was concluded

that excellent adhesion was achieved between the deposited aluminum
and the Cer-Vit surface.

Tom Gregory

28 July 1986

.... _ !_ _,_
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It is estimated that local mirror surface wavefront distortions

caused by the coating process itself are less than k/15 at visible

wavelengths. Another test is planned for the future as it is felt

that the 3.6 meter mirror surface coating is not accurately depicted

with only l0 test plates and that perhaps 30 plates are necessary.
This is Particularly important near the chamber walls.

Tom Gregory
July 1986

k
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Pump-down Operation:

CFHT SUMMIT VACUUM CHAMBER

i. Check Inflcon Thickness Monitor for proper crystal oscillation.

2. Close tank after inspecting bottomplate "O" rings for smooth and

very light lubrication with Dow Coming High Vacuum Grease.
3. Close Air-leak and vent valves.

4. Turn cycle selector switch to manual position (key switch).

5. Connect chamber foreline manifold to roughing pump.

6. Turn on 2 glycol supply taps and adjust flow with glycol return

tap to flow gauge valve of 2 i/4 gpm. (The safety flow switch

enables the D.P. heating circuit at flow rates in excess of
2 gpm).

7. Start st:okes roughing pump. (10 minute warmup period)
8. Check rough pump flow and oil level sight glasses.

9. The Roots Blower will start automatically after a few seconds "
: when p_ 15mm Hg.

10. Turn on air supply valve and air dryer.
ii. Start the holding pump.

12. Open foreline valves #1 and #2 to evacuate the diffusion pumps.
13. Turn on Thermal couple gauges number 1 through 4.

14. The roughing pump will quickly evacuate the DP's to p_ i0
microns at T.C. #2 and T.C. #4.

15. Open holding pump valves to D.P.'s
16. Close foreline valves #1 and #2.

17. Turn on DP's #I and 12. (These will heat up only if the glycol
safety flow switch senses greater than 2 gpm glycol coolant
flow).

18. Connect LN 2 supply to DP Chevron traps via LN 2

manifold. (The liquid level in the traps is automatically
• maintained. The consumption of LN a is 10-20 liters/hr).

19. Connect LN 2 supply to Meissner trap.
20. Turn on seal pump.

21. Open chamber roughing valve. (It will take approximately 30
minutes for the roots blower to turn on at p=i5 mm Hg. It wiEl

take an additional 30 minutes for Zhe chamber to reach the range
of p-20 microns).

22. Turn on Varian Cold Ca_ode gauge (pressure should be low enotu_h

to be on scale within 1 hr. after opening roughing valve.
(p-_ i0 microns)

23. While the chamber is r:mghing down it will be necessary to

monitor the fore-pressmEe of_he _t DP's as their pressure may

exceed I00 microns wit_ only Zhe gmall capacity holding pump.

If this should occur it is necessary to pump them down again
with the large roughing pump and _aen to resume the chamber

rough pumpin_ after the intermupK_n. (There is a I0 second

delay built into the co_trol =irc_t which delays _he opening of

the foreline valves after closing _he chamber roughing valve).
24. When the chamber pressure is approximately I0 microns close the

roughing valve and open the foreline valves to the DP's.

v



CFHT SUMMITVACUUMCHAMBER
PAGE2

25. Close the: holding pump valves.
26. To start high vacuum pumping on the chamber through the _

diffusion pumps open the high vacuum valves #I and 12 in

succession while monitoring the foreline pressure in each to not

exceed i00 microns. (As a precaution against backstreaming D.P.
oil into the chamber allow about one minute between opening of

the High Vacuum valve #2 after high vacuum valve #i is opened).
27. Shortly after both high vacuum valves are opened the chamber

pressure should be in the low 10 -5 tort range.
(SEE GLOW DISCHARGE PROCEDURE).

28. With the chamber empty it takes about 1 hr. after the high
vacuum valves are o_ened to reach a chamber pressure of
approximately 5xl0-_ tort.

29.: During the high vacuum mode of pumping the Meissner trap should

be filled as follows. Turn os the LN, supply to the

Meissner coil by gently opening the LN 2 supply valve less

than one full turn to avoid pressure vibrations from LN,
evaporation inside the coil. Pressure rises occur within-

chamber if the coil is filled too rapidly. Trap fills in

approximately 30 minutes. Close valve and re-fill in l0 minutes.

30. The chamber is ready for operation at a pressure less than or
equal to 5 x 10 -6 torE.

Thomas S. Gregory
I May 1986



OUTGASSINGOF FILAMENTS

°

f

To perform high temperature (>2000Oc), vacuum cycle of filaments.

i. Pump chamber to 5xi0-6 range (see: Pump Down Operation).

2. Tur_ Filament power switches to all 4 filament rings to "on"
position.

3. Turn cycle selector switch to "manual" position.

4. Slowly raise power to all rings until current for inner ring 12
is about 330 amperes.

.

.

,

8.

9.

View all filaments or reflected light from filaments to insure

they appear to heat equally and become incandescent together and
with same aparent temperature.

After approximately 3 or 4 minutes rapidly increase the power to

all filaments until therre is 25 volts of potential across inner

ring #2. Hold this power level for I0 seconds to degass all

filaments of impurities (low melting point metal, etc.).

Lower power to all filaments until all ammeters read zero.

Turn off all 4 filaments ring power switches.

Turn cycle selector switch to "off" position.

i0.. End of Filament outgassing (See: Shutting down system).

(Note: Tungsten melts at 3,382Oc)

Thomas S. Gregory
1 May 1986
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SHUTTING DOWN ALUMINIZING SYSTEM

After outgassing or aluminizing operations have been completed it
will be necessary to follow these steps to discontinue vacuum
chamber operation.

1. Start the holding pump.

2. Turn off LN= supply and disconnez dewars from Meisssner trap
and LN 2 manifolds.

3. Close high vacuum valves #l and #2.

4. Turn off chamber seal pump.

5. Turn off chamber ion gauge.

6. Turn off diffusion pumps. (Approximately 2 hr. cool down
required).

7. Open holding pump valves to diffusion pumps.
8. Close f0reline valves #i & #2.

9. : Turn off roughing pump. (Automatic air venting of pump).

i0. Leave glycol cooling on for 2 hrs. (Do not use rapid cooling).

If chamber is to be opened:

ii. Check again to be certain high vacuum valves #I & #2 are

closed. (Rapid oxidation of hot diffusion pump oil can lead to
a serious explosion)!

12. Slowly open chamber air-release valve. Total venting back to

atmospheric pressure takes approximately 20 minutes.
13. Disconnect the roughing pump from the chamber vacuum manifold.

14. Raise chamber about 50mm after it has been brought back to
atmospheric pressure.

15.-Walk around chamber to be sure all hoses and wires are free and

clear and that there is ample slack to permit full upward motion _
of chamber.

16. Check the position of the overhead crane bridge to allow

clearance and then switch crane power to "off" position.

17. Raise chamber to fully open position against up-limit switch.
18. Carriage drive switch can now be use4 to _ve bottom of vacuum

chamber to desired position.

19. For best long term chamber performance it is necessary to leave

the chamber at a pressure of LD to /E0 miErons. This is eazily
done with the roughing pump onIT.
(See: Pump down operation)

Thomas S. Gregory

• May 1986



3. 4. 1.6 Glow Dis,-har,_e

Glow dis,zharge is the "final" _-leaning :f the m'_rror. _'_
is ::It, he with the mirror in the chamber ,Jnder __, Ja,:L',,_Lm. I_

is used t,:, knc.:k off any remaining _ubatomi,: parti,:!es

!eft on the substrate sur fa,:e after s_ri_ping an_

:!__an:n_. It !ea(_s t,:, _etter a_hesi,:,n ,:,f the new c:a'.ing.

It works upon the fc,llowing principles. After the va,:LtL_m

chamber is pumped down, it is backfilled wi_.h a small

amount of gas (oxygen or argon). The gas is s_abl- _ when
lea_:ed into the chamber but then is ionize@ by an ele,::ri,:

potential set ul_ across the space within the chamber. The

electric potential is created by making the wall c,f the

:hamber and an Aluminum ring situated behind the mirror,

each a different charge. Ele,:trons are stripped off, th

ionizatic, n c.:,:urs. In it's excited state the gas m,:lecL_le

scramble around l,:,oking to gather electrons to return t

equilibrium. In this quick motion the ions tend to col

fide with everything, the mirror included. These :olli-

sic, ns are respondsible for knc,,:king off any particles left

on the optic's sur face.

The pr:.:__dure used fc,r glc, w discharge final ,:leaning, at

Canada-France-Hawaii Observatory, is contained at the end

:,f this section. It provides greater detail ,:,n what is

invc, lved. Note that the substrate is already in the :h,._m-

bet and under a vacuum when the procedure starts.

The required apparatus are:

- Aluminum Ring - acts as one of the ele,:trodes

- High Volt age/L,:,w Current

electric potential

Power Sour,:e - pr,:vide_=_ the

- Needle Valve - leaks gas to, be ic,nized into the system.

Manufacturers specifications and model numbers for these

items are still t,:, be determined. Further infc, rmati:n ,:,n

glow discharge ,:an be found in Appendix D.

V
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GLCW DISCHARGE OPERATION

Theory-

In order to condition the substrate surface to enhance the quality _
of the coated film. A glow discharge is caused to occur within the

chamber which has been preevacuated to 5xi0-5 tort with the

substrate inside the chamber. The glow discharge is ignited by a
continuous AC high voltage ARC across two insulated ring electrodes

of Aluminum after the pressure within the chamber has been increased
by the introduction of air to a pressure of 25 to 30 microns.

The glow discharge has several beneficial effects which are:

i. The substrate surface is degassed through heating.
2. Conversion of organic substances on the substrate into their

: volitile components through interaction with ionized residual
gas.

3. Desorption of films on the substrate surface through electron
impact.

Operation-

I. The chamber is evacuated to 5 x 10 -5 tort.

2. Close high vacuum valves. Shut off chamber ion gauge.
3. Open D.P. holding pump valves.
4. Close D.P. foreline valves.

5. Open air-leak pressure control valve.

6, When pressure reaches p= 25-30 microns open chamber roughing
valve.

7. • Monitor chamber pressure at TC #i while adjusting vernier

throttling valve until pressure is maintained between 25-30
microns (nominal setting = 10.2).

8. Monitor pressure at TC #i throughout glow discharge cycle of
approx, i0 minutes.

9. Turn powerstat located on glow discharge panel fully

counter-clockwise until at the zero setting.
I0. Turn on glow discharge/

II. Turn powerstat clockwise slowly until .5 ampere is read on the

ammeter. Maintain this current setting throughout glow

discharge cycle. (A powerstat setting of 40% should be

sufficient to maintain the .5 ampere current at an electrode
potential of 1,000 to 2,000 volts.

12. After i0 minutes return powerstat to zero position and turn off
the power.

13. Close pressure control valve and vernier valve.

14. After chamber has roughed to p! l0 microns close the

roughing valve and open the D.P. foreline valves.

15. Close holding pump valves. Turn off holding pump.
16. Open high vacuum valves #i & #2. After a few minutes the

chamber Pressure will again be at 5 x 10 -5 tort.

Thomas S. Gregory

I May 1886



3.4.2 Sei-.-,ndary and Tertiary Mirr,-,r r:oating

Sever-=! oat ions exist for :oat ing She sec-ndary and ter-

tiar7 mirrors. The first is to c:intract them out t: be

i-_.iated by some company in She San Francisco Bay area

familiar with their types of ,-oatlngs. The se,:,-nd is to

ourchase an ,c,ff-the-shel f complete va,cuum ,chamber. The

third opti,c,n is t,:, rebuild an old, unuseO, complete vacuum

,:ham_er stored here at Ames Resear,:h Center. The smaller

va,zuum chamber w_ll operate in much the same way as that for

the pr imary mirror with the ex,-epti,c,n ,c,f requir ing an

e!e,:tron beam gun to d,:, the silic,z,n oxide over,coating c,n t_e

tertiary mirror.

The ,::,st ,:,f the first option is given in Section 4.1.2. It

is pc, ssible that the re,coating ,:,:,uld be done at the same

l,:,,:ati,:,n as the Kuiper Airborne Observat,:,ry's mirrc, rs.

The manufa,:turers specificati,z, ns for the off-the-shel f
va,cuum chamber are contained at the end of this sect ion. It

is a F:VC Sr:-50C_c'_ Bell jar Evap,-,ratic, n System (mc, del #296084_.

Note that in additi,z,n t,:, the basi,: features, the fc,llowing

options ,will be required - 24 inch stainless steel bell jar,

LN_. baffle insert, quartz ,crystal thin film controller, and

single po,zket ele,ctrc, n beam evaporati,-,n. The appr,:,'.;_.rnate

cost may be f,_-,und in Section 4.1.2. Any ,:,:,reparable system

,san be used. The CVC system is already under GSA contract.

The unused system here at Ames has the same features as the

new one but may be missing a part ,:,r two. It is definately

missing the ,coating apparatus. It has some rust and would
need to be ,:leaned and then rebuilt. There are cc,mpanies in

the San Francisco Bay area that d,-, this type c,f ,_,-ir_:i.

Fig-lres 3.4.2-0 thr,-,ugh -5 are photographs of the va,:uL_m

,:ham_er. The diffusi,:,n pump is an NRC (,:,wned by Varian,

In _ expanded 6 inch (model #O184/ser ial #K0245) . it

tee_Ires 12_'_V, 2200W. The ,:ontr,:,l system is a Vacuum

Inaustries, Inc. one (m,:,del #902/serial #c_300).

One impc, rtant ,zonsideratic'n is the chamber's past use. If

it was used for wc, rk involving ,certain ,_-hemi,-a!s ,:,r radia-

ti,:,n it may be harmful t,:, use again. This must be !:,,:,ked

into, further.

The ,current rec,z,mmendatic, n is t,:, get an estimate d,z,ne :,n the

,-,:,st ,:,f updating the 24 inch va,_-uum chamber here at NASA-

Ames Research Center, then make a further de,:ision. Note

v



that it is str,=,ngly suggested that the smaller mirr:.rs nc,s
be d,z,ne in the _rimary mirror .:._-,ating chamber as it :_ -:n-

figure_ t,:, pr,z,vi_e uniformity when coating a large .:D=i.:,

not a smali one.
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n_ssystem features automatic control of the vacuum pump down cycte. The SC-S000 system _s
,.:es_gned for research & development facilities and p_lot plant ;:xoduc_on."

Description $pecif_atlons

Vacuum ChamDer

pyrex oelljar with implosion srllek3
mo_nze_ _O_St

nom:naJ 18"O x 30"H

Baseplate
stainless steel

feec_hrougns

20" diameter
15 (1'_ blanked off holes
(41s%. UNF blind tapt:_=<:lholes

High Vacuum Pumping System

rotaq, vane pump
PVMS 100 dnffuslon pump
stainless steet valves with kf flanges
baffles
consumption for LN_ Daffle

26.8 cfrn

2500 US aJr
electr_mat3c bellows sealed

LN2 or multi-coolant
0.48 liter/hour

Pumping Specifications
1 x 10-6 ton.
u_mate vacuum

15 minutes
5 x 10" ton"with LN2 baffle

Instrumentation
AVC 465 automatic valve controller
GIC 410 iontzatlon gauge

atmosphere to 10"_ tort
10"_ tO 10"_ tOn.

_ment Evaporation Power Supply

KVA SCR controlled 2 elec_odes rated at
,/aJ'_orrner taps

600 amps
5. 10.20, 40 volts

Options

• Ctyo-Torre8 Icryopump)
• turbomoiecular pump
= 18" and 24" diameter stainless steel befljar
• 4 K'v'A resistance eval:x3rat_on accessory
• E!ectron Beam Gun
• 10 kw power supply with xy sweep
• planetary dome fixture
• lift..off fixture
• stationary dome fix'ture
• quartz crystal monitor
• 3 k'w su_strate _,eater
• glow discharge cleaning
• loft source
• manuaL' automatic shutters

• hK:jh temperature heating to 950°C
• CVC 810 8" sputtering source
• I". 2", 3" US" Sputter Guns

•Available under GSA contract

The CVC-60OO Front Loading Evapora%
requJremenLs. ApplicatJons _nc',ude _cx
coaUngs.

Description

Vacuum Chaml:>er

304 non-magnetJc stainless steel c_a,,-
full fl"ont opemng door
water cooling on door and chamber
chamber sn_e_ding
RGA port

2 mght 0orts on coot

Baseplate
stainless steel

fee_hrougns

High Vacuum Pumping System

rotary vane pump w, forefine cap
Cryo-Torr_10 (cryo pump)
stainless steel valves w_ k-fflanges

Pumping Specifications

atn_osphere to 1xl0 't tort
almospt_ere to 5x10 "_ tort
ul'omate vacuum

Instrumentation

AVC 485 automafJc valve controller
GIC 410 ionization gauge

Options
• 2 and 4 KVA resistance eval:x_rat_or

• s=ngte and mu_ poc_etE]ectron Be
• planetary dome ._xture
• I_-Off fixture
• stationary dome fixture /,

• quarlz crystal controLLer '" •
• 3 kw substrate ._eater

• glow discharge ctean_ng
• gas control system
• automatic:manual shutter

• residual gas analyzer
• ,on source ! _,_
• 1", 2,,, 3" US"" Sputter Guns

Jic

P_

--'.,

CVC SC.6000
C'/C SC. _,OCO



PART #
296084

CVC COMMERCIAL EVAPORATION PRICE LIST

DESCRIPTION PRICE

CVC SC-5000

High Vacuum Evaporation System including

-- 18"D x 30"H Pyrex betljar with implosion shield.

-- Motorized belljar hoist

-- CVC Model PVMS-100 expanded 6" diffusion

pump with 2,500 liters/second pumping speed

-- Electro-pneumatically actuated valves

-- Automatic valve control

-- 20" diameter, raised stainless steel baseplate

with a variety of feedthrough penetrations

-- Tubular steel frame

-- Leybold-Heraeus model D30A mechanical pump

2KVA resistance evaporation accessory

-- Thermister and ionization gauges

$42,0(30.

Pdcu effective November 1, 19&S
Prices subject to change without notlflcatk
$75.00 minimum order FOB Rochester, N.Y. _"J

-i



OPTIONS

PART #

_-"<L_oO8,5
276168
296O86

296087
,.%96O68
296O89
296O90

296091
296092

296O93
296O94

277924
5501326

285198

283168

1°

,.--_..
3.
4.

5.
6.

-...--7.

fS.
9.

,==_0.
11.

12.
....-13.

14.

.---t5.
16.
17.
18.

19.

20.

21.

2,

23.
24.

25.

18" diameter stainless steel belljar
24" diameter stainless steel belljar

Planetary motion substrate fixture
Station_ry dome flxturing
3KW substrate heater

Quartz crystal thin film monitor
Four-pocket Electron beam evaporation

accessory
Glow discharge cleaning
Front loading box chami_er
4 KVA resistance evaporation
3 cm ion source
Multi-coolant baffle insert

LN2 baffle insert

CTI 8 Cyro pump
Quartz crystal thin film controller
Single pocket electron beam evaporation
2" US' Guns II do magnetron
3" US' Guns II dc magnetron
2" US' Guns II rf magnetron with

rf automatic matching networ_
3" US' Gun II rf magnetron
with rf automatic matching network

Advanced Energy model MDX- 1000 1 KW

dc magnetron power supply
Advanced Energy model RFX-6000 watt
rf magnetron/diode power supply
Manuallautomatic shutter accessory

CVC 810 8" Sputtering source dc magnetron
with 5KW dc power supply
CVC 810 8" Sputtering source rf magnetron

with 2.5KW rf magnetron/diode power supply
and manual matching network

High Tc Superconducting heat stage

PRICE

$10,000.
12.000.

23,650.

17,000.
6,040.
7,700.

52,650.

10,500.
33,000.

12,000.
32,000.

1,024.

2,336.

12,000.
8,540.

50,250.
7,693.

8,760.

12,868.

13,935.

5,360.

27,895.

37,986.
20,500.

Pflces etfectlve November 1, 1988
Pdces subject to change without notiflcstlc
$75.00 minimum order FOB Rochester. N.Y

°--



THE BASIC HVAPO ON

Ins trumentat/on

_tc:e (_ec;.._o'_sare n-_3e _n_r'e_, _ to
_stem ;_essure arx3 are ca-ned out w_ _u,t _n

ooerat_" a_ ec_u;ornemsafegua,'Cs._Asua]c_Ls-
;:Xays_ sy_em _ are _cat.ed azeye-ievet
easy wew_g.

The CVC SC-30COsy_em uses _ CVC GTC
.380 __e gauge w_ _ar ,.3raina=sptay
,cr measuremem _ alTnosO_re '.o 1x 10"_ 'J_rr.

_cx"n,:jn ,vacuum pressure measurement from
I0_ _ 10_ tom _ CVC GtC 410 cig_aJau_-
..arx:j,ng_on,za_ gauge Lss_ie¢ The CVC
410 uWtzesa mzn_a_Jre_.ab0r_ rude._e CVC
GIC-048. aescjneclwr_ a small envetoce to m=n-
_m_e c_-cja.s_r_

CVC autornateasystems eml_oy _e CVC
Ave 48,5mK:_ vane cor_,o_le_v/ntcJ1

mop,ors _ com_s rough_J _ fore,he
vacuum pressure from a_losDr_'e to 2x10_ _rr

p,._nOesfully _ c'-/c_ingo_system
vanes. Users may select a ma_ua_rn_e to oon-
_'Olall puml:xng _nc'_l_ The CVC AVC 485 also
prov_es automa_c cry_umg regenera_on.

VaNes
h_n cor_ CWC _a_nles__ vaJ_s

._elt3to acmeve fast _O-dow_ t_mes.U_
smco_ _menorsurf'aces ,-eauceout--cja.s_ng,
_w ooer'a_ng pressures. _ vane _nc_uaesa
s_nies_ _eet wel(_ bellow seal vacuum i:x-azect
304 I:x:x_ con.._uc_on. _ or e,ec'_'_
_neum_c ac_ua_on,as v_l as Oos_p,,eIocX..over
centermechanisms.Kfflar_es are _lecl

_rougnOut Me system.

Vacuum Pumping
C_ pump, tu(oopurn_, orcl_JS_Onpumo nigh
vacuum pum_ng pact_ges may I_es_:_ec_eclf_"

any of ¢_eCVC evaoor'a_onsystemsz) rneez¢_e
oemanas c_various I:xocess _

A n_jin-.ca,oac_,n_j_-p_, _imct.._nve.
rotaryvane pumo prov'_esfa__ o__e
vacuum cnam_er.The _aJ pump may _e

mecnan,cat aria mgn vacuum pump.

Bad.ate
The s_aJnlesSst'eelba.s_aJe _c_u_es _:x

coml:x:x_ems,+_¢x:x.__ mcx:rficat}o_s.

Baff/es

A full rar_e of i3a_e-_nsei'l3Goons_e ava_ia._e.
C,hoose from amt3=er_water. 're_. or '_u,3 r_:_-

gen coolecl _nser_s.AJlare _mercn_gea_e w_
_e s1_ ho_s_nga_cl ca_ _e ,ernovedcwcx_
f_" ro_ronec'.ea_r_.

V

@

©v.=
I

".'£'3"

i
AV_ 485

Au'r_NATIC VALVE C_NTROL

_um

@

w_l,z

CVC InsmJrnentaoon-Oottom:CVC AVC 485
toO/e_ CVC GTC 380 top ncjnt:CVC GIC J 10



ELECYRON BEAM

SinglelMultl PocXet
CVC -_G senes o_smcj_ecmcuo4e17cc, I5cc,

_. _ ,0Ccc) e_c':on oeam sources are

sc_rces are ces_ne_ toev"_ uo _o
_.3.0COA"_ aJum,num per m_nu_e.,1fea_Jres a
water cooled, ho0pe'-_y3e cmc,,i_e, _u.._ oote
des;gn, 270° bean ceflec_o_ and va_le sweeo.

The CVC TEBG seriesotmu_ c_Jc:ble (4,8, or 81
eiet-"¢_ Ceam s_Jrce.s are rugged EEl re,able.
They are avaJla_e _nnght !eft. or base ctnve.

features ,nctuOe:permanent magnet.
270" beam oeflec_on ar¢t ratable sweeo.

Gun Dimensions
F.J3GOirnensK_ns- 12F="L x 5" W x _/,, H
We_jr_ - 22 _b_
Power R_r_j - 14 kw al 10 kv max

Oimenslot_ - 14=A° L x 7" W x 4'/="H

We<j_ -42
Pow_ Ra_l'xj- 10 kw at 10 k_/rr_

GUNS AND F©WEi- 5U FFJ..I.P 
I

Easy to Maintain
The cruc:t:_ _ easaty ¢_assetri_eO lot r_,ame
rnaJr_eearme. Simoty remcve ¢e ¢co0er

prom_-_e_oo ot 'a'_e_un. Oasen ¢_e ctt.r-able
_,,'ew_ _ :r'_,._ a puil-P."P_ :r'_ _ ¢er_"
_oecl Pole. The emr_erassa'n_ =saCmct_ to
me oaseo_:l-egua w_ a singlestew f_reasy
_t'r_vaL

F_JecU_nBeam Power Supp_/
The _CO%G_/c_e ra=ea_0 kw cons_ar_v_Je
elec_ _eam power sucx_y=sdesCjned to
ooerateone or more e_cVon _arn s_urces
co_nuousty. Fuil _wer _ acltvatedby tt_e10 kw
_ t_e. _rrn(_j __ recover/

_rc=r_Cunog _:O_OrL The _ orw_
_o_e_ lelroae_ prov_ _iu_ _n-

voltage from-2 kv to -10 kv w_=n a _ _o
_ju=a0on. Th_ _ <_eaJf_ cO¢= c_mgs and
a_Ot_ns inveMng _=c_cs

The swee_ _ =nc_uaespar_0o_ arrOi_Oe
a_ _eQuencyaclius_a p(xent_T_a_ _ a

sw_ct_ ,'o sere<= sweeo or =x:_,'0on._ ar,_
eoJ,Drnentsa_My areer_umo :nroug_a _=Isam,.
intedoo( _ syslerrL :llurn_na_ng_ ax:c
w_ a 0 tO 1Or_C :nDutf_ rem(Xe scJr<_Lsate
smtx_aro. Addfoona__x.s are Omvx_ect_r
oc_3na

The _ su_y c_ns_s_ofa _9" -acx-rr<_r_e

mOCILile.The two modules carl oe refr_ery
,r_ up toa_rr_e_y 60 feet

Variable Sweep
F_.xceilen_unriorrn_/aria _K3ntales am ar.:_evea

_e _ vance sweeo _ea_-e. The
beam sI:xX_sElius',_e to acn=eveo_mum tea
c_,ns_es t_r evaco-_ng a ,.x_e r-_nge_ matena

Feedthrougl_ Kit
The fee_n:xRn _ _ an '0" _ng seaJe_bot-,'yp,
wm 2 h_jn-vot_je f_ns ramclat ; Sky,
dual t_w-vot_ge and a waterfeec_rougn. _ :
_,"OO _:e.%

\

._e_



r._-dome _ar_e_ry Fixture
,cac,ac,,'wsuOSmate_x'_urehas been
'eO_ u_se,n_ SC-5OO0,SC-6000 ar_

.-,,_,-9000systems.The 04ane_ ac'aoncomn-

_ous_ c:',ar_es_e r=r,gteotinc_m=-_'x:eof
su_es cunrg oeoosn_n.;:en-nr=r_undorrn

_ _ exce_J_ _ _v_. _e n_n
speed c_ane_ary,_re ro_mes_ _ree _>ane_a

up to 150 rpm. Unn_y ks_ca/_ "_5%

w_ _reeplanets,_hesy_em can acc,cmmc_ate
2. 3. 4 and 5 ,_n waters. BroKensuDs0"atescan
_e _r__.es.sedusmcj .s_ec'_ckips.

A cry_ rnon_"neaclmay be mounleddireci_
a_ve _e source for accurate m,c_ess and rate
c.ono_.

Capacity of Wafers
sizE" _ 3" 4" 5"

SC-5(XX) 18' belliaf 60 24 15 --

SC-50(X) 20" beliar 87 36 18 12

SC-6(_. 9000 144 6,3 36 21

"Ott_er s_zesav_ulaJ31eupon request.

Stationary Oome Fixture
The s'=_c Oeo_mon Oomefixture _s(3eslgned for
eval:x:x_on systems us;ncj a_ £ecron Beam Gun
_-,_lamer_evam:xa_o_sources-

Sputtering Sources

_etrof_ncJ a sl_zenr<j source to a CVC
eva_oraoon system luov_=s me aOdit_nal
_exd_I_ _' sput_ng wC_ut ¢_e large i_
of a secondsystem.Advantages inctu_e:

• Impel a_eso_ ar<l s_
coverage c_nV_

• Cc_'_ alloyccxnpos_oon

• Cooler sul_Tates

SPLFIIEBING SOURCES

Flat Planetary Fixture _ .
The _at _lanetaty _ _mvioes excellent film um-
form_. Th_ _lure _sava_iaDlefor 18" or 24"
_iameter systems acc_mmoc_r<J 3. 4 or 6
;_anets_ a v_ety(Wsubstrae_ The s_n-
less stee planetar_5xlure _ eo_-'7c:_
n'w_ acnlewngc.oa_ngun_es o(= 3°%or

better.

A stmntess sleets_iei__sused to _s_lateff_ebel-
ongsand Qnve mecnamsm from ff'eeva_orar¢
The s'_nle_s steel 1_3_e'_ate round and Bat atx:l
ate avaula_le =ns_xs_.es.

Planets

18" SC-5000 (3) 6V="diameter
(4) 6" cliarneter
(6) 4'/=" diameter

SC.6000. 7000.(3) 9Vz"diameter
9000 (4) 8'I="diameter

I6) 6Y="diameter

Lift-OffFixture
The l_-oI oome _re _ ces_gneo+orevaoorar

_tx_reensurescorrectangleoi,nc:ce_ce_ _-"a_'-'_

mum rernovaJ(:Wr_s=st

SG-_O0 (2513" wafers
SC-_ 13613" ._a/_

Offler water ca,oac,_esare avaulaJ3teon revues1.

Custom Rxtums
frxlures are availableupon request The

CVC engmeenmg _ isave,laDle for co_laz_or_on
octo@"',e,rfixture@es=gnsf_ research or unusual
a_01_ Exam_es _nctuoe:

Flip over _m Backsxdefixture
SkX:)efixlure Op@calfixture

C_tom F1/pOv_vF_xture

CVC 810 8" SpufferingSource
CVC 8" ct_rneter dc or ff sgultenng _es are
avmmb_efor rem_ on CVC's

No cu'Qngor spec_ _ is required. The CVC
810 n,_untson @'_el_a.se¢_.The cfta_ _s

p_ace_atx_vethefe_ mg a=_uY.
Condu_ m sup_ieOI_rwatera_i e_ lines,

The CVC 810 slx_enngacce_ may be

spec_¢l for tx_ rf atw:l/_"Oc_ Dc POW_
SUl:_hesare available in 3, 5, 10 kw.

Rf diode/n'w_em_ power m.spptiu ratsd a_
kw or 2.5 kw wS_ matc_.mgnmwor_ am a_so

avmia_e. Up to @xteemac_'_'@nsotm:e_ may be
:n the 24" belial.

Td-(_me P@rmtatyF/xtum

I

US" Gun Spu_ering 5oumes
US" Gun sources,avada_e =n1", 2" a_(:l3"
rn_eLs,arecom_aC, easyto,ns*,.aJlintoCVC

ev_ and s_mp_etOmantam.

Targetchanges are s=mDle_ fast, No t:x:x_ng _s
requ*reO.US"' Guns are inst,_leO in me 1"
feec_roug_ in _heioasec_ate.No bac_ng _ate _s
requirea exceptwhen porous or fr'ag,e malen_us
are used.

Targetsup tO '/," thick may be spul:tere_ Gums are
bo_ rf and 0c c_mt:}at_ble.When rf _ s_c,_ed,

gun _ sul::_liedw_ an autotunemalcn_ng neW_'K
ancl a 600 wan soli(:tstaterf power supply.For 0c

o_,rax:_, a 1 k'w so_w:lstate_X:power suc_r,/_s
avmlabte.

I



O ONS  XCD ACCESSO 

or _ _,n ,_lms. ,':'he mo'_or _ chre_

reaOout @ film '_,_cV,.ness(n a_ ar_ del:x:_-

X_ rate _n aJ_g.s'm:xr_/secox/,. Dk:JCalc_l::_ay,

aut_na_ :a/_r, cj ar_ s_m_:_e_ are

arrx:x_ _ co¢_ven_em ,'e_.'re_ c_ _e C,CM.

_rtz C_.r_al Contn_

Qua.,lz crys'_ contrt_ler _smenu d,m.en _ _-

b_eot 30 _ncl_ _n:x:_sses ',,¢_ 3 or

_yers _r _oce.s.s ,'or uu _ _80 layers. LED d_-

t:_ay _rov_es auto rat_,ng rm8. ;x_,,,_. _ckness

and _me:freclue.r'¢7 _nf_tma1_n.

Optical Thic_ess MonitoPJ

o_c.aJ m,c_.ess mon_ o¢_,_e u_ng a

mogula_ea I_t _arn _-ansmrCg_ _rougn

r_ec_ecl from a mon_ or tesl ,sJ_:__n_j_ _s

ccaleO s_mu_ w_ c_er _ When

a film _ deOos_ea a ct_xje _n beam wave o(:xca

w_lloccur. This _nfo'rnalx_ _s Iran.slaleO into film

_c_'_ss measuremen_ Un_s are available

_ laser I,:jht sources.

Heater Assem_

Instrumentation

Quartz C,q_tal Monitor

Qua,lz crystal rnon_ts (QCM) pnmnde accurate

_nci re_taDle measurement o_ vacuum <:_itea
_etallic _ @_ films.

The CCM is a cost _eca, e inm_ment for _tor-

:rig me delx_x:m rat._ and _¢2,ness o_ eeclr_c

Sub_trate C_eanin_

k)n Source

_tl bea.i"n s,c_.Jtce5 are ,::_e._ _ _ sL,c:s_a:e -:._

face n'x:x3rSc.aIx_. Sources w._ c_¢x.,'t c'jr'ec,3

car@rig fn:x'n _ ',0 600 n'_ a,"c 50 '.o 2900 ev

beam enen:jy are available.

Glow Ol,_'ge C_eaning

The g_w cl_-.Z_e ctean,nga_:ec_sc_/cons_s_

a"x:l gas _n_ sy_em G;c_ _=t'_,a_e

cox:l,,t}(:x'_ _ vacuum cJ'_m,t_eraJx3 s_J_:_Irates

elimma:ng surface acP_r'<j water vaDc_ an_

ener_ _asma _roces_ tec,_r'_cq-'y ooera_.es at

al:X)rox,mate%, 20 eV.

SuggestedApplications
a_oqmon _ (ilrns _ 'asersaria rn_r'=rs

At_eleclx_ coa_ngs
L,'_..o_ on GaAs

Bacr, sx_ go_

l-i'_nTc suDercz_u_ng _n _ir_s

AJummum coa_ngs

Deco_ _Ims

lers3r:teC'/C evaocratofsaccommoeate a wiGe



3.4.3 Dichr,-,ic Tertiary C,',ating

The dichroic tertiary mirror has a very special ,=oaring

_en,:e the suggestion is that it be transported ,off Ames for

recoating. There are several pla,:es in the San Francisco

Bay area where specialized mirror coatings are done. Some
of these facilities are Optical Coating Laboratory, In,:.

(OCLI) in Santa Rosa and the University of California, Santa

Cruz, Optical Coating Laboratory.

There is the ,-Jption of ,:oaring it on site but it will

require bringing in ,or retaining sc,meone fairly knc°wledge-

able in optical coatings. Depending on the compositic, n of

the ,-oating it will, me,re than likely involve the use of an

electron beam gun to vaporize the materials. A chamber may

be purchased c,ff the shelf that has this capability. The

basic specifications fc,r this chamber are the same as the

suggested chamber for the secondary and aluminized tertiary
mirrors. The additional features that this one would

require are glow discharge, 4kVA resistance evaporation, and

the fc,ur pocket electron beam evaporation accessory instead

of the one beam. The chamber could also be used to do the

coatings for the ,other tertiary and secondary mirrors, if

,:onfigured properly. The approximate cost ,-_an be found in

se,-tion 4. 1.2.

V



4.0 BUDJ3ET AND COST

This section contains both the estimated initial costs and the

estimated yearly costs. The initial costs are broken down int,:,

that for the primary mirror coating chamber, the

secondary/tertiary mirrors coating chamber, clean room

conditions, the cleaning facilities, handling equipment, and

facility needs. The approximate yearly cost is given for the

primary mirror coating and cleaning. Attached at the end of the

Budget and Cost se,:tion is a possible year to year cost for .:on-

tracting out the secondary and bare aluminum coated tertiary to
be recoated. The yearly costs for ,:leaning the smaller mirrors,

recoating the dichroic tertiary, and manpower are still under

investigation.

4.1 INITIAL COST

The total estimated initial cost in the most optimistic case

is 1.7 million dollars (see Figure 4.1.1). In the worst case,

2.2 million dollars (see Figure 4.1.2).

4. I. i Primary Mirror Coating Chamber

The following figures are estimates from companies that have

engineered and/or built comparible vacuum chambers before.
Keep in mind that this is the estimated cost for the total

coating system which includes the vacuum pumping system, the

vacuum chamber, and the controls to run the vacuum process.

High Vacuum Equipment Corporation: $530,000 for design

and manufacture of the system.

Battelle, Northwest: $500,000.00 for design and manufac-

ture of the system.

CVI: $I,000,000.00 for design and manufacturing of the

system, using a cryopump rather than a diffusion pump, which
at this time is determined not to be needed.

The following page is a list of 1988 dollar costs of some of

the individual components should give some indication of

where the money is spent. Note that costs may be reduced by

buying vacuum equipment on the used and rebuilt market for

approximately 60% of their ,original cost.



CHAMBER:
RAWMATERIAL

CARBONSTEEL
FABRICATION

PUMPINGSYSTEM:
DIFFUSION PUMP
MECHANICALPUMP(includes BLOWER)
HIGH VACCUUMVALVE
BACKINGVALVE
ROUGHINGVALVE
VENT VALVE
COLDTRAP
ROUGHINGTRAP
FORELINE TRAP

CONTROLS/GAUGES
LIQUID NITROGENLEVEL CONTROLLER
THICKNESSMONITOR
AUTOMATICVALVE SEQUENCER
SCRPOWERCONTROL
IONIZATION GAUGECONTROLLER
THERMOCOUPLEGAUGECONTROLLER

GLOWDISCHARGEEQUIPMENT

MISCELLANEOUS
FEEDTHROUGHS
VACUUMTUBING
VACUUMFITTINGS
FLANGES
SEALS (GASKETS:_
BACK-TO-AIR VALVE

4-
$I00,000. O0

21, 130. O0

27, 130. O0

22,208. O0

3,000. O0

3,000. O0

3, c)O0. O0

13,913. O0
20c). 00

660. O0

2,200.00

2,000.00

1,300.00

1,000.00

5,000. O0

5,000. O0

500. O0

V

If the chamber has the ability to overcoat, this should add

at least another $100,000.00 to the base price bringing the

total cost to about $600,0c'_0.00.

+ based on a figure received by Battelle

Laboratory for the cost of their chamber.

Northwest



4. 1.2 Secondary and Tertiary Mirror Coating Chambers

There were four options mentioned in section 3.4.2 for coat-
ing the tertiary and secondary mirrors that will be done in
bare aluminum. The first three options assume that the
dichroic tertiary is contracted out to be recoated. Keep-
ing this in mind, these are the estimated costs of th.._se
four opt ions:

Opt ion #I - Purchase a smaller chamber to do them.
$|I@,000 .00 , to purchase an off the shelf, complete system
from CVC, Inc. with a 24 inch stainless steel bell jar, liq-
uid nitrogen baffles, and quartz crystal thin film control-
ler (further specifications can he found in section 3.4.2).

Opt ion #2 - Contract out the mirrors to be recoated.

Although sending the mirrors out to be recoated is a yearly
cost it is included here as a comparison to the _ther

options. The cost to contract them out is an estimate based

on the 1988 prices to do the Kuiper Airborne Observatory

(KAO) secondary and primary mirrors. In 1988 these were the

actual costs:

primary (36 inches) $2000.00
both secondaries (7.31 and 7.375 inches) $ 600.00

Assuming that this gives $50.O0/inch diameter to coat in
bare aluminum at current prices and that inflation will be

5% every year for the 20 year life of SOFIA, this gives the

following amounts for the full 20 years coating twice a

year:
secondary (12 inches) $40,000.00

tertiary (approximately 19 inches) $62,826.00

Note that this is optimistic based on the inflation factor

but it also includes the costs of materials used to, coat and

to run the facility.

Option #3 - Use equipment already available at Ames.
There are several complete, unused vacuum chambers ,on site

at Ames. They require some rebuilding, the extent of which

is unknown. Until the chambers are looked at more closely

and the work needed to make them operational again, the cost

is unknown. There are several companies in the area which

rebuild old chambers.

Option #4 - Coat both tertiaries and the secondary on site.
The cost t,-,contract s,-,meone to do the dichroic tertiary is

unknown but the approximate cost to purchase a new, off-the-



shelf system that would coat all three mirrors, the secon-
dary and two tertiaries, is $150,000. The specfications are
found in sect ion 3.4.3.

The cost of contracting out the dichroic tertiary is
unknown. When the composition of the coating is known, an
estimate can be made. Note that this will be a yearly cost
but as in the case of the other two mirrors, that c.__stta;(en
over 20 years would give a good indication as to whether it
is cost effective to do it on site.

4.1.3. Clean Room

If a building is being built it is relatively inexpensive to
purchase and add in the equipment to make it a Class 10,000
or Class I00,000 clean room. To achieve a Class 10,000
clean room the following cost, estimated by Air Filter Con-
trol Inc., is $3000.00. The cost to create a room of that
class in a pre-existing building is about $20,000.0c). Note
that to save cost the standards of Class I0,000 and 100,000
can be eliminated and only the requirements listed in addi-
tion to those in section 3.1 followed.

4.1.4 Cleaning Room Equipment

The next is a list of the items to be contained in the
cleaning and stripping room. Their costs were estimated by
several Ames Research Center engineers based on their past
experience.

furniture (sink, lab benches, etc.)
fume hood
Primary mirror cleaning equipment

(catwalk, bridge, holding bin)
waste disposal

$ 10,000.00
25,000. O0

200,000. O0

5,000.00

4.1.5 Handling Equipment

The estimates for the following list were from the same

source as those for the equipment in the .:leaning and str_p-

ping room.

Secondary mirror pedestal and lift

Tertiary mirrors stand

Primary mirror transport cart

$ 15,000.00

5,000. O0

50,000.00



monorail crane

5-ton bridge crane

Ji_-ton manipulator (including crane)

5, 000.00

95,000. Oc)

The above estimates do not include the cost of the IC'-t,=,n

manipulator, used to remove the mirrors from the plane, be-

,=ause the amount is uncertain at this time. Two estimates

that were recieved are $1,000,000.00 and $495,000.00. The

latter is based on multiplying the cost of a bridge crane by
an assumed factor.

4. 1.6 Facility Needs

An estimated cost for a distilled water system in the clean-

ing and stripping room is $5,000.00. Plumbing and

"regular" electricity is provided with the building. The

cost of the special electrical equipment, that will be

required, is $30,000.00.



Figure 4. i. i: Optimistic Total Initial Cost

Assuming that all four mirrors are ,:oared ,on

primary mirror coat ing chamber has the

overcoat ing.

site anO the

capability to do

primary mirror coating chamher
secondary/tertiary coating chamber
JO-ton manipulator (including crane)

primary mirror ,:leaning equipment
,:leaning/stripping room furniture

fume hood

waste disposal
secondary mirror holding pedistal & lift

tertiary mirrors stand

primary mirror transport cart

monorail crane

5-ton bridge crane

$ 600,000.00

150, Oc)O. 00

495,000. O0

200,000. c)0

10,000. O0

25,000.00

25,000. Oc)

15,000. O0

5,000. O0

50, c)00. O0

5,000. O0
'95,000. O0

TOTAL $I, 675,000.00



Figure 4.1.2: Worst Case Total Initial Cost

Assuming that all four mirrors are
pr imary mirror coat ing chamber
,overcoat ing.

coated ,0n site and the
has the capability to do

primary mirror coating chamber
secondary/tertiary coating chamber
io-t on manipulator
primary mirror cleaning equipment

cleaning/stripping room furniture

fume hood

waste disposal
se,:ondary mirror holding pedistal

tertiary mirrors stand

primary mirror transport cart
miscellaneous cranes

monorail crane

5-ton bridge crane

lift

TOTAL

$ 60(:I,000. O0

150,000. O0

l, 000,000. O0

200,000. O0
lO, 000. O0
25, C)O0. O0
25,000. O0
15, (:)00. O0

5,000. O0
50,000. O0

iO, 000. O0
5,000. O0

95, OOC). O0

$2, 180,000. O0



4.. _ YEARLY COSTS

The total yearly c,-_st has not been estimated. There are

several missing c,:,mpcnents such as the ,=,=,st to send ou_ the

dic_nr,-,i= t,-, be rec,-,ated c,r to coat it in-house. This se,-ti,-n

:cntains the cost ,:,f ,zc,ating and ,=leaning the primary and an

estimated ::,st of ,z-,ntra,zting out the secondary and ter_lary

mirrors (that are ,=oared in bare aluminum) to, be recoateO.

4.2.1 Primary Mirr,-,r Coating and Cleaning

The yearly operating budget for ,=leaning and coating the

primary mirror is taken from the cost to run the fa,=ili_ies

to ,=,=,at the 120 inch mirror at Li,=k Observatory. This

budget is Figure 4.2. I. I.

4.2.2 Secondary and Bare Aluminum Coated Tertiary

See Figures 4.2.2. ! and 4.2.2.2. These ,-ontain the ,_-,:,stper

year to ,:ontract ,-,ut the mirrors to be ,--leaned and re,z_-,ated.

The pri,-e is based on the 1'988 ,-,:,sts ,of recoating the mir-

r,z,rs from the Kuiper Airborne Observatory which w,-,rked ,:,u_

t_-, be $5A.OO/in,zh of diameter. The assumption is made that

inf!ati,-,n is 5% per year.

v



• ° '_,1

rEqR'- f CCST OF THE i_ Z _ _ I:l_ CS4TZ,'_G/CLE_NZNG ;AC:_'-'£-

- -- A _-

--_ec:-::::/ & _at_r ,_ oum_, =cwns_

acor tSO ,_,anncurs a: $50.00/_-;

'__cr (8 _annours a: 320.CS/'hr_

:L,P_P _I_[,_!TENANCE (PER MCNTH;

___ocr (1_ mar, hours at $50.OO/nr)

TOTAL

2 I'C 3."
A ,_ ,-, +

i 33 . 3L

TOTAL

iD% . _'3

-:O',.. },,

,3',' E= AL L TOTAL

coating faclilsies {4 x $5300.0C)

cleaning facilities (4 ^ SgO0.O0)

Duma maintenance _12 x $800.0,0)
Z_O0.3C

;=0:3 . Ol3

• aii per coating anc cleaning items ar_ mulzim_ieC s. a

-,{cscr 'of four, assuming t@at the mi*rcr is .-e-za-e,-J

eve :, six months, ar,_ the p,,as_s:Dil!t',,, of hr,.v:-,,_ := =r,
_L _" _=- =o ,get a sara-fat cry :cat=ng.

E/D: "'
° - .



Figure 4.2.2. t: Cost Per Year To Send Secondary Mirror Out

T.-, Be Recoated*

year
cost

l

2

3

4

5

6

7

8

9

tO

Ii

12
13

14

15

16

17

18

19

2_1_

TOTAL

$ 600.00
630.c)0 = (60c).00 + .05(600.00:1)

661.50

6'94.58

729.31

765.78

804.07

844.27

886.48
93c).8c)

977.34

1026.21

1077.52

1131.40

1187.97

1247.37

1309.74

1375.23

1443.99

1516. 19

$19,840.00 IF COATED ONCE A YEAR

$39,700.00 IF COATED TWICE A YEAR

, Assuming that the cost to contract out the recoating of a

mirror in bare aluminum is in present dollars, $50.00 per

inch diameter. The secondary mirror is 12 inches in

diameter. Inflation is assumed 5% each year.

- : i---



Figure 4.2.2.2: _-:ost Per Year To Send Aluminizea Ter_iar'/

Mirror Ou_ To Be Re,-oated*

year

1 $ 950.00

2 997.50

3 I c347.38

4 1099 • 75

5 1154.74

6 12!2.48

7 1273. I0

8 1336.76

9 1403.60

10 1473.78

11 1547.47

12 1624.84

13 1706.08

14 1791.38

15 1880.95

16 1975.00

17 2(:)73.75

18 2177.44

19 2286.31

20 2400.63

TOTAL

= (950,¢'_c'I + ,c'5 -=" 00_. . _ _i,

$31,413.00 IF COATED ONCE A YEAR

$62,826.00 IF COATED TWICE A YEAF

* Assuming that the ,=,=,st to ,=ontra,=t ,:,u_ the re,=oating of a

mirror in bare aluminum is in pre=_ent d,z,llars, $5¢'_.c)0 per

in,:h diameter. The tertiary mirr,z,r is ab,=,ut 19 inches along

the maj,-,r axis ,-,f the ellipse. Inflati,=,n is assumed 57 ea,-_

year.

v -ZL
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AF'PENDIXA: TRIP REPORTS

1:1 LICK OBSERVATORY
211SE:HRADERSCIENTIFIC, INC.
3) BATTELLE NORTHWEST,INC.
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is -s 4se suzsnances -_nan will =c: __-ze sff --mall car--isles.
..... . r"r Y .... ;'_- Uslnc only li,zhts -han are flush "_-_ -"=-=' _'_c so -.-.an

"_'L_- .gO% -_ , =__ _..- _.,-m %'nio.q .gas -.-.e DCSSLIL_C',"

- f= : .... thesl ..... _ Dn -o .7111rot .=z=
" _ .... .. "_,-. a-h -_'_ _T,CU-3U Cf -k= C .... -D- 7'__ce & -_';De _6 -_=D 2,.G .... e_u ...... ----

sa-_ch an'/'hil or dir- tzan ma'i :ailcn ns the .-_rrcr.

----=_-:_-= cver-_oa-_inm --= mirror -here "_s a -r_-de-cff be-_ween
- -"- " -_ .... - _s -sated and -_he

--= _n:-_'-a. Loss or re-lect:v--z _nen -<'e=mt<_ __==_.c,..a ....

:e.<z-b_ o= circe -_ha: _t w:,_ go=_i-.-CU]eZe_?_e _- -o -_e ex-_e.-.-_-_ha:
-'-e -=: =c -_ "fit'; %'ii- .gOt .ecr_-=e ............

i- wcuid wl-h an ]ncoa-e_ mirror.

....'- -ha_ the edges of the sha.-l_er are far enough from the .

.,._,_e _L/ze _,r_ _ _- al ..... tiT. wll

-,_- _ itself to kee? edge elf =ors from scouring, lhe
cx;unoe off of the wails o: the -C_a_er and cause ncnunifo-._ -}' cf

the _ "_ .e ....._a__ng, i . nonuniform thickness w_ _ compromises ....

prc_er curvature of the mirror.

5) _= final c!eanina can be done in the chamber with the use cf a.".
.... . - _ -= ----_m_es -o blow away an¢ _ .......
Jcp.-cun. [_ ,ises iOr%_ze_/ F =J- .... • - . __._ :.,..4._,_ O" "_e

technique where e_-ectron s bommard the substrate causinq the
descrpnlcn of the nnin film cover'-ng it.

_'_',- ,- will speed up _,e rou_n:n_ time when =sed in
6) A icons rotary __,e_ _ -

, --_- w[-h _ mecnanica= sums.
COD.] J.C. .........

-] To create a better vacuum (dispose of any water vapor} and make the
chaml_er as oar-isle free as oossible, place copper or stainless_ _, _ tank wall.
=-==_ _o,_= called 'l_-e_-ssnet coils on the inside
..... n .... get thrcagh -_hem,
.-.... r <he shammer is o_mDed down run ,_cu--=_ .... _f- in the tank "-_s -_':=---=
this should ___se -_-hahev6r tool..... s are
st. the soils _ - im_nediane!7.

Juiie A. Poiiitt

?_F.CF.OIN(I.PAGF. BLANK NOT FH.._EI.,
A-3



EEE: ii3-_ April !0,!989

Nans Kunz, ?ro_ect Manager, SCFIA, Systems

Englneering Division

Ju!ie A• poll!it, Systems Engineering Division

Shrader Scientific Trip on February 7,1989

Shrader Scientific has been contracted no do the '_- coating
• _=_ _r the new Keck Observatory scheduled to o=en in 1991

cnamm ..... . . . • ' -_ __; ..... 6 _6 _ndividual he:-agonal
_n uawaii The Kec._ mirror Ls m=u= _ _',i__-L" .... . _= _ut 6

segments _. " .-_ _ : _ c_ted seDaratelv in this
feet across. These secmen_s _ ...........
chamber. Shrader was under the constraint that the chamber ee
--_ ...... _=d for Z200 000 or Less. They suceeded mainly by using

czrbon --__i rather than stainless and buying some or the pumping =

ecuimmen_ on the secondhand market. The Drel_minary aesL_n wor:< w=-

done by several individuals, Nr_._ram Brown at Lick was one o__ -_hem
The detail desi=n work was done by Kook's engineers. The mirror

coating facilities -;ere 90% done and ,;ere to De shipped =o Hawaii

before the end of March.

The chamber is cylindrical -_ith dished heads. It's axis is_ _.T_c;-_,
-_ _ =" 7ertica!ly The dished top of _he chamber is ....

via a crane, to place the mirror inside. The chamber from _he dished
too dcwq% and all" of %he vacuum pumping system wi!l sit beneath the
=_h ' consists of gratin?: _his was done for the purzose of
_._or WhiCh ' '_--- '- It will also
rest_doting the amount of han_i=nq or tne m___o,.
protect people from the hot Darts of the pumping system. .Ihe _m-.ping

_-fs=em consists o_ a diffusion DumD in series with a roucn'_n_ 5,_mD

The mirror comment :¢i!l hang with the surface tc he coated facir.g
do:,7%wards. T£e final cleaning _s -o be dcne in the chamber using -_he

=ic;¢ glschar=e me=hod The coa-lng technicue employed, the same as a-
;._" Cbservaiorv, is refered -o as evaporation deposition using resi-ti';-
"'_'< - Th= filaments are'arr_nced in _ _inzular
heating of -ungsten filaments. -- _ _= -,-_s-en
circle• A ha_cn in the bottom "_ -_ allows easy access to ........

filament arrangement to drape the =Leces of ai,,_minum.

_ outside of the chamber will be painted, in situ, to resis%

corrosion. However it will only be painted after i% is checked for

leaks. Paint tends to mask Leaks.

They had a very strons suggestion, to design the building _r ..........

coating/cleaning fac_i__--s• _ _ -_ili alleviate many notentiai
zrcblems tnat arose for Shrader There were two main orss,_ems -'=;

_=- into The first, the chamber could not fit in one z ....... .
access ;car to the room in -{bAch it was to be o!aced, and the -=_'_

-here ceil _- be a lot of difficu!-v reaching and servicing the :cm:cnents
_- enough rccm

of _he pumping system as =

Other advice the'/ passed on:

_, t-se _ "' harye to -_ -_he final cleaning in the -_-_

_] =_ace the mirror in either -he -;er-icai zcsition or facing _ic:,._-
" :--_ _n horozcntai "c _-icn. This al!evia_es the crs_Lem c:

..,a_,s -. a .... _ ..... hea-ed
-_,, ,- d__.ping, =-:_n_ cn -_ -he mirror when it i_ -= ....

um my -he tungsten filamen-s.

__ING.I;_GE BLANK NOT FE.MED



f



EEE:213-4

TO:

FROM:

SUBJECT:

Distribution

Julie A. Pollitt, Systems Engineering Division

Battelle Northwest Trip on February 28, 1989

Battelle Northwest as compared to the other sites visited was

much more sophisticated. They were doing special laser quality

coatings on substrates up to 2.2m (87 inches) for the U.S.

government. Attached to this sheet is excerpts from a paper
written by Walter T. Pawlewicz, who we met with, on the facility.

Included is a description of the facility, the coating process

used, the facility layout, and several photographs of it.

Julie A. Pollitt



COATING CHAMBER

The 2-meter chamber is a scaled-up and improved version of a 0.3-meter dc

magnetron sputtering system in use at Pacific Northwest Laboratory (PNL) for
several years [ 2]. Figure 1 shows the fully-scaled chamber configured for coat-
ing-substrates up to 2.0 meters in diameter. The stainless steel chamber is 2.8 meters

wide (112 inches), 3.2 meters high, and weighs about 4 tons. Control instruments for
the sputtering equipment are also shown: pressure/flow controllers for the rea_ive
gases, 20-kW magnetron power supply, and both single-wavelength and broad-band

optical monit_____ors. The stainless steel chamber is 2.8 meters wide
(112 inches) and weighs 7500 pounds. Built in three sections so that each section

could be brought down the hallway on its side with minimal ceiling clearance, it is the
largest chamber that could be installed in the laboratory without removing walls or
widening doorways. For substrates with diameters between 1 and 1.5 meters, the
central chamber section is not needed, and the overall height is about 2.1 meters
(7 feet). For larger substrates, the total chamber height is 3.2 meters (10.5 feet).

The chamber is located in a 1250-square-foot laboratory shown in Figure 2 that was
specially renovated for fabrication of optics up to 2.1 meters in diameter and weighing
up to 1000 pounds. The chamber abuts one laboratory wall, with a vane pump, Roots
blower and cryopump in a neighboring service corridor. A dedicated gantry with two
trolley hoists is used to load and unload large substrates. Substrates are cleaned in
three Class-100 cleanroom modules, one of which is portable to transport the
substrate to the loading area. After coating, the large optic is stored in a cleanroom
module, and rapidly characterized with a portable diode-array spectrometer system.

The chamber uses a coating geometry that is novel for sputtering: central substrate

rotation at the top of the chamber and offset (from the axis of rotation) symmetrically
located sources at the bottom [4]. This geometry produces the coating thickness
uniformity required for precision laser mirrors, and also allows coating the largest
substrates using the smallest possible chamber. The long source-to-substrate
distances are made possible by the long gas-scattering mean-free-path [5, 6] for
metal atoms ejected from the source with average energies of 8 eV [7]. Three critical
uniformity tuning parameters are the substrate height, the source offset, and the
source tilt.

Figure 3 shows the chamber equipped with three 6 x 30-inch planar dc magnetron
cathodes. Each is mounted on a stage for radial offset translation and independent tilt
and azimuth adjustment. The cathodes are shown in the positions required for coat-

ing 2-meter substrates. For smaller-diameter substrates, the cathodes are positioned
closer to the chamber center.

The large substrate is rotated at the chamber top. The rotation is currently simple, and
no trim masking is used to adjust thickness uniformity. Double-planetary rotation will
be added in early FY-89 to further improve uniformity. A large rotatable shutter is
used for preconditioning the sputtering cathodes.
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FIGURE 1. 112-inch coating chamber for coating 2-meter laser optics.
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FIGURE 2. Floor plan for Large Optics Coating Laboratory.
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APPENDIX B: MIRROR CLEANING/COATING

FACILITY REQUIREMENTS REPORT
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Rec_uirements Reo,-,rt
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Mirrc, r F:Iean ina/F:,-,at ing Facil ity
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APF'ENDIX L: BLUEPRINTS-VIEWS OF

]'HE MIRROR COATING AND CLEANING FAF:IIITY
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The Stratospheric Obeervator7 For Infrared Astr,:nomy (:SOFIA:) is a

2.5 meter teie__.:c,pe mounted in a Bc,eing 747SF jet. Te!_,-:,pe--

:insist ,:,f mirrors which gather light from space and then reflect

it to the proper instruments. The mirrors themsel ;es are ceramic

pieces coated with thin layer __ of a metal. As time passes, the

metal oxidizes and gets dirty. The mirror is no longer able to

reflect a proper amount of light. It must then be removed from

the telescope, ,:leaned, stripped of the old coating, and

recc, ated. This will occur c,n the c,rder of c,nce or twice a ye__r.

The fol!c, wing repc, rt gives the ground supp,:,rt facility require-

merits to, perform these duties.

It is a__sumed that the typical person has no prior knowledge :,_

the facilities t,:, ,:lean and ,:oat large ,:,ptics. To alleviate

this, Section 2.0 contains a brief description of how t,_:e

facility will appear, including drawings, and the main a,:tivities

that will take place within it.

Section 3.0 has the building facility needs. These needs in,:lude

square fc,c,tage, power, water, air, waste dispoeal and safety',

degree ,:,f ,:lean r,:,,:,mrequirements, earthquake, vibr_ti,:,n and

c,ther mis,:e!lanec, us needs.

Appendix B ,:ontains the manufa,:turers specification sheets on the

equipment for the pumping system and ,:,:,ntrol systems. These are

provided to anticipate any questi,:,ns on the pc,wer, air and water

requirements. Mirror hand! ing is addressed in Appendix A.

Stripping and ,:leaning prc, cedu:res for all four mirrors ,:an also

be found in Appendix A.
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The foll,-,wing is a summary of a ,design c,-,ncept for the _T,irr,-.r

,-leaning and coa_ing facility. See Figure 2.0-,) f,:r the :,:,nce_-

tual plan view _:,f the wh,:,le fa,zility.

There ar= minimal requirement_ t,-, assur = that the mi,_ror ,--ati.";_s

are suc,:essful. Succe=_sful in the sense that they ha,,e a high

-eflectivity and g,:,od adhesion to the optical surfac- =. A prin-

cipal requirement is that the fa,:il ity be "relatively" ,:lean;

hence, _,:, dus_./dirt particles remain on a mirror leaving pinhol es

,when it is coated. Pinhc, les r-edu,:e refle,:tivity: this leads to, a

bad ,:c,ating. Most of the a,:tivities that take place in the

facility are to, keep thi_ _r-_m happening.

Mirror handl ing:

All of the four mirrors will be rem,:,ved from the p!ane_ as it

re=_ts in the high bay. through the use of a special device
. -' r_-_- and 2.0-.4"refered to as the manipL, lat,zrr (Figure =- 2-0-_, .........,

The telescope ca,/ity dc,,:,r is ,-,pened. The manipulator, wi-.h a

device designed specifi,_-_.lly f,-,r the purpo=_e, extra,:ts the _--e._--n-

dary mirr,:,r and _=pider (Figur 2. r'-l'>. Th--=- are then se_ a:",-"_

on a stand (Figure 2.0-2). The ._--upp,:,rting tL,.be containing s,<e

tertiaries is removed and al_,-, set up,:,n a s tana ,iFigure 2.0--i'.

Ne',.t the manipulate, r, ,with a device to, attach to the primary

mirrc, r, reaches in and extracts the mirr,-,r (Figure 2.o-_). The

primary mirr,-,r i=- placed onto a transport ,:art (Figure 2.0-5> and
m,:rved into the cleaning/stripping area. The secondary is-em:._'ed

from th_ spider and the tertiary mirr,:,rs are rsmc,'/e ,_. fr,:m the

s__tpporting tube. All the smaller mirr,:,rs are light enough to, _e

handled manually once out of their mc,unts. They are then el--c,

br<:,ught into the ,:leaning area.

F,_rther lifting c,f the primary will be required in the coating

area when it is taken c,ff the transport ,:art and placed in s,he

chamber. A bridge crane ,will be sufficient for this. At any

time while out of the plane the primary mirror will have __ pi__s-

tic c-,ver (Figure 2.0-6) e.:cept when it i=_ being ,:l=-ane '-_ or

-_-!pped or ,-,-_,ated The ,-urrent rec<,mmendat_on by the teie-c

.... em tractc, r ZEISS In,: is that the primary mirr,:,r r'=__a!n_., _.t ,- 0 n _, • :,
facing upward--., as it d,:,es when in the telescope, if the m_.rr,-,r
,:ell is r emi:,'+ed. If the mirri:,r ,:ell i-Jr =_imilar _UF-,p,<'rt -:-a-s

at_a,:hed, _he _ran_:p,:,rt ,:art mu=-t ha,.e the ability to rotate t_e

mirr:,r lS) degr__e_.



The ,cleaning and stripping fa,cility:

The :leaning/stripping area ,-onsists of further segregated areas
with water, ventilati,:,n, and chemical waste disposal. The ,clean-
ing procedure will ,-losely follow that c,f m,-,st c,bservatc, ries;
acids will be used f,c,r stripping the old c,c,ating ,cf f and -_-cap
will be used to wash. The ,=hoice c,f ,chemicals and the finer
details cf the pr,c.:edure depend ,=,none's indiviOual preferences.

The primary mirrc, r is ,cleaned/stripped on the transport ,:art or
in an acid and ,=orr,c,si,z,n resistant ,cleaning bin (see _-igure 2.0-
7). If done on the transp,c, rt ,cart it is done in a hc,r izontal
,c_rientati,z,n fa,zing upwards if the mirr,c,r ,_-ell is deta,ched isee
Figure 2.0-8). If the ,=ell remains it is ,convenient t,=, ,clean _and
strip it ,=,riented verticai:y (see Figure 2.¢]_-9). In the ,:leaning
bin it will be oriented h_ izontal!y. The final ,:learri_g _ust be
done in the ,-hamber before -!,:,sing it. Glc, w discharge _ay be

used while the mirror is ur=er vacuum.

The smaller se,-ondary and tertiary mirr,z,rs ,can be ,:leaned _and

stripped in a c,=,rr,c,si,z,n and acid resistant sink.

Primary mirr,c,r coating chamber :

The chamber will be ,cylindrical in shape with dished ends. The

axis c,f the cylinder will be oriented verti,ca!!y _-,r h,c,rizont_a!ly.

The approximate dimensi,c, ns are I0 feet in diameter by !o feet

l,:,ng. It will be ,constructed of a mild steel (rather than a

stainless) which is less expensive and sufficient fc,r the present

coating needs.

One of f,c,ur ,c,ptions fc,r chamber design must be the, sen ,--ee

_-ig,_Iree 2.0-10, :'.0-!I, 2.c_-12). There is not yet a pi,ct,_ire f:,r

the fc,urth c,pti,c,n. The first is the mirrc, r fa,cing dc,wn t- be

coated, Figure 2.0-10. The ne:..t two are where the mirrc, r fac__s

upward t,-, be C c,ated. In Figure 2.0-11 the chamber t,z,p is removed

and the mirrc, r pla,zed in, and in Figure 2.0-12 the b,-,ttom ,-,f-.he

,chamber is remc, ved and the mirr,c,r placed c,n it. The b,c,ttc, m is

then mc,ved back into place. The final ,:,ptic,n is the mirror

facing sideways to, be c,:,ated. Note that fc,r the mirr,-,r to be

c,:,ated facing downwards ,:,r sideways it is suggested by the tele-

z:,c,pe system contra,:tor that the mirror ,:ell ,:,r similar" Sits;err

remain attached.

The least expensive and most un,:omplicated methc, d ,:,f coat in,_ i-

phys i,:al vapor deposit ic,n by resist ive heat ing of tungsten

filament-_-. T,:, as--_ure within !0 "/ uniformity of the coating the

chamber inter i,:,? -.--,c,u!d:,:,nsi_--t ,:,f 2 ,:,r 3 ,:,:,n,:entri,: ,:ir,:le- ,:,f

filaments ,_e_ F e < ,',-_3' A _,-,*al number ,:,f _,:r+_• .__= _ z4r _.. . , ...... _] _ment.=.



i __needed b,: .:.-,at the mirror Facing ac,wnward or =-ideway_. if it
must be ,:oared l,:o_:ing ,_Ipthen the r,umber will be greater to cut-
weigh the los_= due to the shiel_s in pla,-e t,-, keep the h,:t
aluminc_.m _:-om _a!Z ing c,ntc the -zur face of the mirror.

The pump:r_g system ,-,-,nsi__ts of a _iStokes) mechani,:al pump with a
pumping _,_=ed ,-,f 300 ,:fro. A Roots Rotary Blower will be u'zed in
c,:,njLLnct:on with the me,-hani,-al pump to increase the pumping
speed t,:, 2200 ,: Fro. In series with the mechanical pump i-a $5 in-
,-h oil diffusion pump. The pumping speed of the di ffusic, r. _L:mS
_=.....52,,_C)r_liters,'--=:=--, fc,r air. Tlne total pumpina_ time from __-_m,z--
pheric p<_=s_ure to I0 T,-,rr is about tw,z, hours. The pumping -/_=-
tern layout is seen in Figure 2.0-14.

Diffusi,-,n sumps are not,z,ric, us f,z,r ba,:kstreaming ,-,i! into the
chamber. To alleviate this problem, baffles whi,:h-are liquid-
nit;,:gen ,::-:,led ,:an be used. They are l,-,,zated between the hi.yh
va,-uum .t51,.,e and the diffueion pump. A high ./aCuLLm..,alve at-
ta,-hes the diffusion pump t,-, the vacuitm chamber. A roughing

valve i- found between the mechanical pump and the chamber. A

backing v_=.ive is situated between the diffusion pump and me.:hani-

cal pLhT_p. Appropriate gauges monit,:,r the pressure=_ at -evera!
locat !,cF__--.

b£=-,--,mn,_' 9._- : __i" .. _.

Th_ _i:.--_-t option i -= t,:, contract out all of the._e mi.-":'c,r-= t:; -.e

re,zoated. The _e,z,z, nd opt ion is to purchase an ,-,Ff-the-.-he! _

<,-mp!et= /aCL!LIm c,-,ating ,-hamber t,:, d,:, all three. The thi:-2 ':'F-
ti_-,r, i= t:, -_-end the dich;oic tertiary elsewhere to be coatec _..nd

t,-, pur,zha_e an ,:,ff-the-shet f ,:hamber to, ,:,:,at th_ other two.
There i_ -_. fourth, option which a!--,:, involves sending the di,:h.r,_-,i,:

_=rfi,._ . iary ,:u> . Ther=_ _.s an old, ,:omp_. ere va,_-uum ,:hamber, .:f th_
corre:t -!.ze, unL'sed and stored here at AMES wh_.ch ,:,:,L_id '-e

<et, ui! t ; The ,:o.-.tt,:i do this is unkn,:,wn but there are ,:omF-.n; -=_

in the E__.- ?:.-_.nci=-cc, area that do thi =- type of w,-,rt.::.
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The __ub_e,-ti,:ins contained in this portion ,-,f the report gi'/e _.he

fa,zi_ ity raqc,.i-ement--., _ Ho',_e',er, they are better underst,-.-d__ _..._,,

refer!ng to A_pendi:,.; A. It sh,:u! _- be read in ,:,:,njuncti,c,n _'It',-_

thls se, zt i,;,n.
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General Nee__s

Refer t,-,Figure 3. I-0 f,-,r a ,c,-,n,-sptual pl_an view cf the sir _:r

,coating and ,:leaning facility. It ,will provide clarity _= t,:,
suppor _ that eqtl _ pmen_where the equipment and fa,ciliti_s t,:....

should be Ic,cated.

The mirr,-,r, handling f_.<ture, ._a,c-_um chamber and m,_ ,_pmmnt at=

heavy and may require extra structural suppc, rt for the fi.:-c'r

areas in,eluding the ,:,:,ating area, the cleaning/st'ripping area,

the chase,nay, and, if the fa,ci!ity is located ,:,n the sec,c,._'.d

f!c,,c,r, f,-,r the se,-ond fl,-,c,r platf,c, rm (:in the high bay) where the

mirrc, r is placed after being removed frc,m the plane. The mirr,:.r

will be r,c,lled ,:,n the handling fixture thr::,ugh,c,ut these areas.

The present ,weight estimates are found in Table 3. i.

The t,-,tal area that the facility will require is ap_ro'..imately'
_ _ ____ included are the ,:haseway the?25,::_0 squar- feet. Thm arm-_ =

str ..... - and t_.e ,c-,atin_ area. Refer to _-i._-,reipplng/,__aning area., .. -
3.1-2 fc,r the appr,-,ximate sizes .and a suggested arrangement of

these areas.

Thr_e ,cranes wi! I be r _ _red The first is a bridge ,cr-_r,_ -,.='.

will suppor _ the manipulator t,-, _emc, ve the mirrors and t_:. =--: :'P=

from the airplane. The bridc _ ,-r__.ne w_ll also ha,Je to -ustain a

ma'...imum mc,ment of I!I,5c:_0 f,c,ot-.m,c,unds and a weight ,_-,ften -.on-

<see FigLvr_- 3. !-3). The -e,c,c,nd_ is a mc,nc,rai! ,:.'ane in the :'.-,a--e
_ 1 ,Ji,-_ the p,.'.mp-

way, as m_r, in Figur- 3. _-"_ *.-, in=ta.I/rem,c, ve/ser

ing =v=tem The third i- a brides crane to m,c,ve the prima.r/ mir-
rc,r off ,-,f the transp,:,rt ,:.art and into, the cleaning area and ,t,:

m,:,,..e it int,-, the va,--Lum chamber. One ,-rane is used t,- ---er,i'::-_

b,c,th the ,cleaning and coating are a=.

Th_ ''_....- . _ _,_Li_ _ I al I ,-,f the ,-_,_an .-.:-:m, _ .m,-._,_-ystem wi l i need t,-.......
,,. .-s:_:ior-,, -.2 ,-,f th _= re_,-,r* Th,= f ,-,! l ,:,',.'--r,_q_.ire,T,ent s as given in _ .........

ing ie also required:

- ,:,c,ntr,:,l!ed humidity (ab,c,ut 6':'_?i>in the fa,cilit>.'. This .--.''-,:,'..'_

f,c,r a better c,c,ating.

air ,-,-,nditi,-,ning in the ,:lean_o/"'-'atin_ facil ity. This ro,-.m

,-_-,ntain_-- all the .__lectr,:,nic ,:,:,mm,c,nente of the ,:.:,ntr,-,l-'ymtem-..

The t,c,ta! heat c,utput c,f these ::mp,cnent s 'cz'n be estimated t :

eqL,.-_.._their t,c,tal p,c,wer input.
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-m -,

._ C!_=_=n _',:,,-_mRequir_m__t---

Ideal I/, it i- des ir ed that the mirror ,_-!ear_ ing/,- cat in,;

4=,-_: _ ";m==___.'-__,.5_===..ir_"_,........c:oc> ,-lean r,-,,-,m<,=,nd¢.ti,zn= ,_-e=__ Fi,zures_

3. 2-" ant _. _---"__. In add i_.ion _,-,._ tlme st ....= _ ed reqc'.ir,-=,r,e!-,S5 :-.n

_h,-se. -___*=,,== the f,z,l_owirLq' d=-iqn pre,-aut_on =_ will he!_ t.-,

achieve a particle-/ree er,'.xiror,ment:

- the wall-, flc,ors and ceiling=_ are t,-, be made ,-,f _.,:n-

-=luffing materials (parti,z!e-free) or sealed with a wa_h__D!=

high ,__io-=. fini=_h.

- u_e ! ights flu=__h 'with the ,ceiling and sealed in it. The

_d=_.__. _-_ _,-,__have _=s= l_tt_e._ _._sp,:.----ib_ hanain__ _ from the ,-=i___ _ ir,__

that ._-ou!d gather dust which w,c,uld then fall ,-,n the mirr,c,r.

- maintain a =-lig,ht pc,eiti've pres-=ure in the

,-!eaning/strippin_ area and an even greater p,c_sitive pr_e-L,_=

in the ,:,_-,ating area• Refer to, Figure 3. 2-0 for the wa7 the

air =hc u!d f!,-,w, it is marked by arr,c,ws.

pla,_-= S,c,,r,es,c,rt ,-,f trap underneath the ,-ranm_- to ae=ure _ha.L

no ,-,_i drive ;_,c,m them (Fio, ure 3. _-'_'_ c,r get a dr_plee = __-rane

- the 'Jse c,f a sec,c,nd floor platf,c, rm (see Figures _.c_._a __.nd

_•2-51. i._, _he high bay, if the facility i_-- ,-,n t,he -_,:: ....

fl o,:,r. The pl at f,-,rm ali [:lWS for the c,:,n•-tru,_-ti,-,F',,[.f ape _ --

maner, t wai! b_tween_ the h_._h, bay and the mirr.z,r ,::÷'.._.,_

f_,:ilit:'. This wall ,will provide a gc,,:,d-eal from dir- ÷.rc

aircTaft fu_mes See ee,ct _on 3. _ f,-,r further explanatlcne

dimensions, and arju.emer, te for the use of this platform.
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DATA SHEET CRG-002A

Date: II-26-83

Supersedes: 3-7-83

FiQure 3._-1 CLEAN RO0H
: APPLICATION GUIDELINES

1023 CHEBTNUT 8TFIEET . P.O. BOX 880e

AIR FILTER J
/CO N'I'ROL

REDWC_OD CITY, CAUFORNIA 040(J3 (418) 3e?.8310

LAMINAR FLOW .ETHOD
i

Class 10 I
i

90_t00% coverage wtth Cambridge CJ_I Laminar Flow Modules, 99.99I DOP. Consider using

Gold'Sea] CA_I-IModules (99.999% on .12 micron particles) If hlgher efflclencles are

desired.

Atr flow at gO FFM or more based on gross cetltng area.

Raised floor return preferred, but low side wall returns are OK if aisles are narrow, and total

divergence width does not exceed 18 ft.

Class 100

80-100% coverage with Cambridge CAM-I Laminar Flow Modules; alr flow 90 ± 20 FFM based an gross"

ceillng area.

Low stde wall returns common; acceptable divergence width Z4 ft. max.

DILUTION METHOD

Class lOOO

60-90 air changes per hour; does not need laminar flow modules. Low return preferred.

If room ts filled with lamtner flow benches, Judgment might indicate (for example) the use of

50% of the bench reclrculated air that is not being exhausted toward the 60-90 air change

rate.

99.97% HEPAs In fan discharge or behind ceiling diffuser (makes no difference).

Non-laminar air distribution devices are normally used.

If HEPAs are used in ceiltng with no grtlles, dumping can be expected and temperature differential

of more than 6-7" wtll be uncomfortable.

Class IOTO00

Sam as Class 1000 except 50-60 air changes.

Ceiling returns commonly used. thought low returns are preferred.

,,

Class lOOtO00

Outdated class; If specified, use 20-130air changes perlour, or CFH sufficient for cooling load.

Filter Selections:

A. Cambridge 95% ASHUE HiFlo Sag Tilters will usually suffice with an occasional "spike"

above lO0,O00 due to outside com_t.

B. Cambridge Mlcretaln Absolutes (95% OOP) wlll lhwep assure Class lO0,O00. Generally

applied on pressure side of fan_mlth Ca_Idge 851%HIFlo Bag F11ters on suction side

(sometimes 301 pleated). --

• • • • •

Note: Abeve guidelines are based on experience factors and are not guaranteed. Clean rooms
.., ,.......,,,1. or arp not nwiintalned _nd operated Z_
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o._° Second -m_,-.sr _'_ at_,-_rm_ C._q,,_remer*=v_

if the mirror rc,ating/c!eaning fa,:i!ity is l,:-:ated ,:,n the se,:ond

flo,=,r a platform is required in the high bay. It should extend

fr,c,m the ,:leaning ro,-,m t,-, n,:, more than 8-i0 feet fr,c,m the
air,:raft. In the other dire,oil,on it shc, uld be the entire length

of the ,cleaning ro,-,m and the ,:na=,e way. The minimum area

requirement is 49_] square feet. The minimum heigr, t fr,c,m the

first fl,_-.-,rt,.',the b,-,tt,:,mof the platf,-,rm is 16 feet. See

Figures 3.3-0 and 3.3-i f,-,r ,:larifi,-atic, n. It will have -everal

o=,ee :

- the se,c,:,ndary mirrc, r and the spider, L_p,c,n rem,:,val frc,m the

plane, shall be pla,ced ,-,n a stand ic,,-ated on the platform (Figur_

_. 3-2 _w .. •

- the tertiaries and their housing shall a!=,,c, be p!a,:ed sn a

=_rand ,:,-,ntained ,:,nthe platform (Figure 3.3-2).

- the se,condary mirr,c,r spider., se,c_c,ndary assembly, and tertiary

mirrc, r h,:,using will be =-t,_-,red ,',nthe platf,c, rm while the mirr,c,r s

are inside the ,-leaning/,coating room.

- it may' pro,vide additi,:,nal spa,:e for str, rage ,_,f other item =_ __,-e,d

by the mirr,c,r ,:leaning and ,:,-_.ating fa,ci!ity.

- and, me,st imp,_-,rtantly, it allows u=, t,_-,keep the c!._.ning and

,-oating areas mu,:h ,_-leaner. With,:,ut the platf,:,rm, a partially'

rem,-,vable/p=_ued,:, ,#all w,=,u!,d have t,_-,be ,-r,nstru,-ted between t_,_

h_gh bay and the ,:leaning r,-_,,-,m*,-, a!1,-,w the crane _,-, b-i _ *_

mirrc, rs t,-, their r e=,pe,c t i'¢e ,-_leaning ar __==, This

removable..'pse,_:dc, wall w,-,uld n,-,t pr,-,vide a very _,-.,-,d___-ea _., qith

th_ p!atfc, rm, transport ,:arts may be wheeled out to, reels e -._,_

mirrors and then bring them int,-, the facility thr,-,ugh a doe, r.

d,sc, r i,_ much -__=__eier t,-, seal than a remc, vable/pseud,:, ,_a!!, _...,.........=_j ......

_:eeping a greater number c,f dirt particles ,c,ut c,f the fa,-i!it-_'.



-r

m
i

oz

0
Z

Ul

>

Z

O.

S

b.



0

mmimBllnJLnB'D _lmr _._ _

u

f" U1

,-o ul
O. ul

ow-I _

• u

W

Z
C_
1--I

I-

LU

hi

t

_D

L6



= _

,74
I

i,



_.S #'.:,,._er, Watar_ and Air ='equirement_

Fi.}LIr_ 3._-'}' is a table (Tabl= 3.4) of the p,:,wer, water and air

req_,ire,nents for the equipment contained in the mirror ,:leaning

and ,:.:,at Ing f__.,: i! ity. P,:,wer need =- are given in term_ iDf a

voltage, pi_a_e =.pecificatic, n, and a ma.,-imum amperage. Foc, tnc, tes

that =:..plain ,:ertain requirements are fc,und c,n the page f,:,llc,wing

the table. Appendix B contains the manufacturers speclficc.,tion

-_ =' t _he in formatic, n wms obtained from.=,,e_1:s tha ._

A .::nstant sour,:e c,f coo, ling ,water t,:, the vac,_,um pumps _s

requireO, even when a p,:,wer loss c.:,:uvrs (eg. ee.rthquake, et,:.).
I_. must ,:on- -ue for at !ea=t one hc,ur, prefer__b!y twc,, after the

pc,wer ha =_ g-e out.

Add it i,:,nal -:eros required by the faci!ity are, a =_,:,ur,ceof ,:lean

shop air, and wall outlets c,f the 120V type for u=_e with 6 fc,,:,t
cords. Ne,zessary in the cleaning/stripping area is a _ink and a

=_:,ur,_-e of deionized and tap water, ale,:, a h:c,k_p for a garden

hoee. The plt_,.mbing and electri,-al wires to the various air,

wa_er and _ ectri,:al ,:,ut_ _*_ are t,-, be 1,-,cated in a ,-ha.--e,4_v ,-,n

the other eide ,:,f the ,wall frc, m both c,_ the rooms. Thi= way '--]'
ar= not in the ..--o,-,m to, cc,!!e.:_ d u_.'=-t __r:d are ea_i!i a,:.:ee_ed i "_

_t_._r__,:,-,nnections are needed.

?

J
_rm
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3.5 ,Zhemi,:ais and C,:,more=_sed Ga_es

Nc,te that the ,-hiz,i,ze _f c,hemica!s and the finer details c,f the

,:leaning/=-tripping pr,:,c__dur__ depend on the individual's ch,:,ice.

_,=:hott Gias-, .Tn,:. sugge=_t_ a pr,-,,-edure(includina__. . _he. ,-hemi,:a!s_

to use_ ,_inique to, Zer,-,dur which ,-an als,:, be fc,und a_ the

sect ion's end. Note- that the German chemical-s have Ameri,:an

,:ount er par t =..

The 1 i=_t of ,:hemi,: al s

are:

that may be used for c!eaning'strimping

1. hydrochlc, ri,: acid <HC1)
2. nitr_,- a,:id (HNO=::'

. cLLpri,: sul fate ,::CuSO_ _
4. cai,:ium carbora-.e (CaCO=)

=. s,:,d _um hydroxide rNaOH)

6. p,:,P, ae-:ium hydroxide (KOH)
7. ammc, nium hydr,:,:..ide (NH_OH)

8. i=c,propy! al,:oho!
9. .a,:_=tome

1 0. =t "_ P,:,: at,:ohol

I1. t,'ich!,:,r,:,ethyiene
t .-, 1•", ene_:

.. = gaEe_:and the f,-,ll,:,wing ,:,:,mp,-_E_e,_

!. i iq,4i'2 nitrogen (LN..-..:,
2 n_tr,-,,_en qas (N=)

3. ai r

The abc,ve .:,:,mpres-ed g._=ses= ,_il _. be _t,-,r=d__ in cylinder= .4i_ _,..... +he

exception of the liquid nitrogen whi,:h is purchased in a dew.-_.r.



•,-=-,_ -<:---.:.-ca! _md _a':et';

The need ::r w._==_= d:sp.-.sal and -afet-/ pre,CaLit'_cr:s is -._,9-_r=-r.t

_,jl_-_ +7_m _'se Df ---r -m__ =_- id-_-_ -=trc, c,O _m=_= aPO -,l,,'q_'_==E=:_

_-_-_,.,__= m:esearch Cent--. 's storag- requ __em,_=nt for -c.-.t,cn,__ __<=._=

_._nd -ctrong _ases_ is, _=.,_e/ mU'.St be kept in =e,: :.ndar7 ,_--nt ......a,_m=_it ,

!.:_=. _he c a.n_ in whi,-h they were pLvr.-_m== ,_ _ be ---..=.7

within another container +har_._ is nc.nsu.,ceptibi=_ _-..._ .-.-,-'-=_-_-. _-.

said ,z-bemi,:al... Suggested is any off the _hel f ,-hemi.:al -_:-_=qe
,_-aOinet.

Several ,:,f the chemicals have special requirements. Nitr:,: a,::d

=_ _ the flammablemu__ be ke_t away fr,:,m all the other= especially

liquid, sct,:,h as isc, propy! al,:,:,h,:,l. Is,-,propy! alc:,h,-,! in a =L'._=.r -

tity ;rearer than ten gal!,c, ns demands a ,chemical storage ,:_=_:.-.e-.

for f!ammao!e -hemi,:al..

F,::,r the d:'--O,-.sal of the chemical, there are two, .:,ptions, t.-.e

first i=_ to it=at them iF_ the p_.-oposed SOFIA GrC, Llnd S,_'_soor':

. _- them _,-t.ed 'a_ _-' -s.cme,:.ne ancFacil _ty, and the .e,-._-,nd i- = .... , ha/e p .... J,

treated =!sewherm. Ames re,:en_I/.. ,-,bt.aine,_ a varian,-e from BI__F -

nyval=._ fr, r_ one ,-,f_ ._+s. b,__ _*-_dina---_ t,:, +r=at......... hazardc,,,= wasta_ =m_ :r2

r_a>, ale,-, be obtained for the SOFZA building. Onl/ ,:,me I-]-Ie!T,.Z-_.]

.:annc, t be t<e=+ed_,., her=, ...... ,:,-,pp=. =,,! fate. T_.. ._- ."=_,'l_____a_e,: __n] -a=

-F_,e,:i=l_.. r,_les_ _at+-,-_=C..=..,...... t,-, iris ,,=e._ . 3n,:= acain_ _he_ ,:,hemi,:ai_= r_c..2:

be _--tc, re,d in sec,z, ndar:. <,:.r, tainment. Th_ c,-.nt-_ =.- +_, d r__.i-

1,nt,D _fte-- Lt" i:']'q t.l-retr_ ,-,1-_ tP:_ m _..... rr,_-,'r" _ ir, Ll.-=t b _- p'- m,- -.:"-' '~- '; _--.... " -

an,-,<her ,zic:ntair, ef . AI " <=,hi.airier_= are t,-, be a,: id and ,:,:,r .... :si :n

r-=i=.t-ant

-he : ] ean :-_g -tf ipp ing ar ca, .4her" _= %he ,:hem i : al _= _:-e b - he -=-+2

r__qL'.irIeE t-e ,c,r ,l, p ,_=r ,_er-it : ! _t ion to r i.d bhe are_=, of the fL_ITI_E.

The :.-,m.pres-ed g.-..s ,:..iinder- need to be rhained inb:. a r__,:!-::.

Liqui2 n!tr,-_,,Qen must have NO SMOKING _.igns pla,-ed -t.:,..,t ;!:.

.Nitr.::ger. ]a= ,demands the placement of an oxygen defi,::.en,:], _--.!__.rT:
irh th= same r,-,CuTI.

The ,:!eaning'etrip_ing r,-,om, wh._,:h will c,:,ntain all of tee _=::...e

req'_'.i'ee the_e basic- in -.afety equipment - eyewash --tation,

,h,-,wer, flre e::t Lnguisher-, -rooks detect,c, rs, _=pr Ln!.::!er._, .m_rcc_r"

warning si.;ns and la_ei-=, and ._. fir-t aid kit.



"0 -7 Ear*_-,,_k-=+....... __.nd '2+_r__.tion _'e_u_rement_-+_ _+

T1ne f,-,liow!ng im the !i-_t ,:,f precautiiz, ns that sh,z+u!d be taken

the facilit',' t,-, reduce _amage during an earthquake:

in

! ) _mci!t the primary mirror vacuum chamber, the

_-,_-ondar,//t,__r*= +iary mirror v_i-,,um chamber, and the primar7 :_Ir-

r,-,r st ripping/'c!eaning bin to, the fl,--_-,r.

2) Seismic ,-,-.nne,-tions IDA a! 1 u.til ity

,-._-,oiing water fin+me to the pumps.

!inee espe,- ial 1 / the

2.) B,c,l t -_e,z,_-_ndary ,containment mtorage ,:abinents t,c, the wai. l.

They _hi_-,uld al.-,-,be ones that c,-,ntain a tank in the bc,tt:-m

-,c_-t an7 =pilleO ,-hemi,-al_

4) Selsmi ,c ic,_-,nne,ct i,-,ns between the

equipment ,c,-,nne,-ted t ,c,it.

va,cL_um ,-hamb,_r an_ a! I

The mec.h _.nic al r,c,ugh i+mg pump must be nc,ise and vibration

isol ated.



APPENDIX D: CONTRACTOR'S REPORT ON

THE PRIMARY MIP.ROR COATING CHAMBER





" ' T ClSuF_A ,4,RR_R COATI_4G FAC:LITY

William, _._ Brown

The following remort gives s,_ecifications and considerations of

_he coating chamber and associated equipment for the SOFZA 2.5 me:er

orimary mirror.

The vacuum chamber would consist of a mild steel cylinder ten fee _.

in diameter and ten feet in height with removeable drum heads top

and bottom. Depending on the mechanical configuration for holding _'_

mirror, the chamber could be oriented either horizontally or ver:icall_.

Viewports and feed-thrus ,would be orovided as needed for the auxiiiary

equipment involved in the coating process. See the manufacturer's

data sheets accompanying this report for further information on this

e_u i pment.

The basic pumping and valving system is shown schematically on .,,e

attached drawing. Requirements of electricity, water, liquid ni-rsgen,

and compressed air are covered in the attached manufacturer's data snee-s. '

Assuming a tank volume of about 800 cubic feet, a 300 cfm Stokes ._um_

would evacuate the chamber to 30 microns in about ten minutes. The

diffusion pump would take about another 1-I/2 hours to attain a vacu'._m

of 10.6 Torr. The roughing pump can be a Stokes model 1738. The basic

pump is 300 cfm with a Roots blower rated at 2000 cfm. The diffusion

pump is a 35" diameter equivalent to a CVC model PMC-32C with righ:

angle valve assembly VRA-356 and multi-coolant baffle model BC-350.

The remaining valwes in the vacuum system shall be oneumatic and

will be controlled by the valve sequences, which could be a .om,,,er_ zi

unit such as the Varian 971-I016, or manufactured to the exact recuire-

_" m , •merit of the specific sys_e.. A 100 nsi filtered air supnlv is .......

for the system. A provision should be made for a needle valve :o _u:=-

matically admit gas at a controlled rate during glow discharge. This

should be adjusted for a few microns of mercury to sustain the glow
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discharge. The preferable gas for the pursose is oxygen, but long
term acsumulation in the roughing pumomiah_.__toroducean explosion

hazard. Argon ouid be the next best gas to use. The high vacuum
valve can be "throttle_ down"during this srocess to maintain the
vacuumof a few microns. Becauseof the time required for glow

discharge cleaning, deposition should be able to be started a_out
two hours after pumpingbegins. A cooling cycle should be observed
after coating to a11owfilaments and chameerto approachequilibrium.
This should be on the order of 15-30 minutes. Venting time would
take about 05-30 minutes, depending on vent valve size.

The contrgls and gauging systemwill nowbe described. The

automatic operation of the chamberspumpdowncycle should be carried out
with an automatic valve sequencerthat has a front panel flow chart
to showthe status of the cycle. Varian, as well as several other
manufacturers, makessuitable units. Safety interlocks need to be

provided on such items as diffusion pumpheaters to insure that they
are not operated if cooling water is not flowing and also that the
filaments could not accidentally be activated before chamberreaches

a minimumpressure. Nost of these are incorporated in the valve
controller. Other interlocks to prevent damageto such items as

vacuumgaugesare usually incorporated in the instruments themselves.
Interlock switches to orotect personnel from such items as high voltage,

line voltage, etc. should be installed as required.
The usual complementof gaugesconsists of two thermocouplegauges

and one ionization gauge. The thermocouplegauges, which are good to

about 10-3 Torr, monitor chamberpressure and foreline pressure -3
respectively. The ionization gaugemeasureschamberpressure below 10
Tort downto evaporation pressure (10.6 Torr range). Whensufficient

vacuumis obtained to be below the readaPle limits of the thermoccusie

gauges, then the ionization gauge is activated. This gauge is not
capable of measuring atmospheric pressure as are thermocouples.
Recommendationsfor such instrumentation are shownon the accompanying
data sheets from Varian and Granville-Philips. All chambercontrols

V
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such as ion gauges, thermocou_]e gauges, valve sequencers, _rocess

controllers, SC_ controllers, etc. should be mounted in a standar_

19" wide rack which is close to one of the view sorts to the insize _

the chamPer. The process could then be observed while in orosress an_

if any problems are observed, the cycle could be stomped in _rogres_

by a "panic button" located prominently near the view port.

Because of the infrequency of use of the coating system (on the

order of once per year) once the gauges are initially calibrated, very

little should need to be done to them for many years. The most common

failure is the ionization tube, which is made of glass. Recommended

spare and expendable supplies are as follows: Spares: I thermocoumle

tube, i ionization tube, standoff insulators for the glow discharge

control ring, standoff insulators for deposition filaments, many spare

tungsten filaments, aluminum staples, chemicals for mirror stri_oing,

cleaning supplies (wipes, etc.).

Internal configurations of equipment are as follows. The three

possible positions for holding the 2.5 meter primary during coating

are: down-looking, vertical, and up-looking. Only the last named

required more consideration in filament design.

For maximum uniformity from a single ring filament source, the-

oretical considerations place it at one substrate diameter away from

the substrata. The 2.5 meter SOFIA primary would use a ring placed

about 100 inches from the substrate. A ring of forty filaments made of

tungsten wire wou_l.d into a helix requires about 100 amps per filament

to reach 2200 degrees C. The filaments would consist of four strands

of .030" diameter wire per filament in order to vaoorize the aluminum

and anneal the filaments. For 40 filaments, this would require a

total of 4000 amps. Using I0 volt transformers, the total power

consumption for the above would be 40 KVA. Because of the difficult7

in calculating precise aluminum transfer to substrates and the aCvisa-

ability of mroviding spare filaments to compensate for burn-out, greater

ampacity should be made available, of the order of 80 KVA. A minimum
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of ZaOvolts AC, 3-phase powershould be provided for the filamen_
deposition powersupply. Tungsten boats for silicon monoxideever-

coating could also be usedwith this arrangement.
The _bovewould be adequate for a down-looking or vertic_lly

coated mirror, but for an up-looking situation the problemexists of
molten metal falling on the glass surface. _n the positions cited "
above, bent pure aluminumstaples are hungon the tungsten filaments
and whenheated in a vacuum,they melt andwet the tungsten and evaporate

from it as power is increased. There is a goodlikelihood that some
staples will burn into and drop to the bottom of the tank. This would
cause obvious problems in an up-looking mirror, creating bare spots in

the coating, but moreserious would be molten aluminumfalling on the

glass surface, damagingit. The filament supports would needto be
shielded from the mirror itself and all staples must be loaded near
the ends of the filament, out of the line of sight of the mirror. Each

filament should also have a baffle to limit the area of the substrate
which it sees. This helps keep most of the coating normal to the surface

instead of depositing at a steep angle of incidence.
Aluminumin the form of wire staples or canes shall be evaporated

from tungsten filaments arranged in two concentric rings. There_re
several configurations possible to provide good uniformities. For a
2.5 meter diameter mirror (about i00 inches), one possible arrangement

would be 24 filaments on a i00" diameter circle, 12 filaments on a
50" diameter circle, and 4 filaments in the center. This would

provide adequate thickness and uniformity for a I00" mirror. Aluminum
shall be 5-9's purity and supplied either in cane or horseshoeforms.
Filaments shall be a tungsten wire, 3 wire twisted similar to R. D.
Mathis F4-3x.O25W. Filament holders shall be similar to tiTS stand-off
bars. Other thermally evaporated materials maybe deoosited using _eat

or basket sources if the stand-off bars are universally designed.
Materials not readily thermally evaporated would need an electron beam

source which would require a different mounting geometry.
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The coating thickness monitor can be combinedwith the :_eneral

process controller; a recommencedunit is the Inficon Mode] _C_O0@.
The monitor head is mountedinside the vacuum,everything else is

outside, if we assume an opacue aluminum coating of I000 Angstrcms

thickness, a uniformity of 10% would give an error tolerance of _#0

Angstroms. For visable light (!000 Angstroms), this would give a

wavefront distortion of aPout 1/50 wavelength, which is much better t_an

the figure on the mirror; therefore 10% would be an acceptable value.

Uniformity is tested initially by inserting small witness glasses at

various _laces in the chamber, making a deposition, and measuring the

thickness of each one either with an interferometer or physically.

Filament position and number of s_aples pem filament can be adjusted

to maximize uniformity. A thickness monitor can be used to measure

repeatability of the process. By necessity it needs to be placed near

the edge of the mirror, which generally receives a thinner coating than

the mirror's center.

The mirror is mounted face down to accommodate the possib]e future

use of an electron beam gun and other options. The cryoshroud require-

ments could be simply a cold trap between the diffusion pump and chamber

which is filled with liquid nitrogen. If more pumping speed and greater

vacuum are needed, then a meissner trap consisting of stainless steel

cooling coils inside of chamber that have liquid nitrogen pumoed through

them just before coating. If a cold trap is used, then 160 liter cyii._-

ders of liquid nitrogen can be used together with a liquid nitrogen leve!

controller similar to Varian Unit Series i000. Glow discharge is

effected by energizing an aluminum ring located inside the chamber. The

power supply needs to be able to deliver high voltage at reasonable

current, i.e. 5kv @ 30 ma CHA GAC 6000 or CVC LC-031 (no longer manu-

factured). The supply should be capable of either a + or - DC outmut.

The glow discharge ring is made .of oure aluminum (to avoid sputtering

any alloying components) and electrically isolated from the chamber

walls (ground).
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Aluminumbuild-up in the chamberover a period of time needs_o

be addressed. The high voltage stand-off insulators for the glow
discharge as well as the filament stand-offs need to be shielded from

the _luminumcoating which could short themto ground. Since the tank
is of mild steel and deposition will only be done on the order of cnce
a year, elaborate internal wall shields which are removablefor easy

cleaning can be avoided. The view ports could have either a shutter

or (more highly recommended) a periscope such that coating with aluminum

will only enhance the visibility inside the chamber.

Should other materials (especially high-stress dielectrics) be

deposited in the chamber, flaking might occur which could contaminate

the optical surface and cause pinholes. Then aluminum foil shielding

would be used. Chamber should be maintained under vacuum when not

in use to keep clean and dry internally. Venting should be done with

dry nitrogen so chamber walls would absorb this instead of water vapor.
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CVC 35-tNCH BLdELINE

t

...... ;-"-_-'_-." '-_'._,'-;_'.- _ _,:,--';Li

'.4"": / ,:-..4_._./__:._--_ -'2" °: ,,;', -:

•,_.=_,_i_._i_ -,-,,_ I

.. ,, _o_ _ ............... -.._. !, _ -.'.,

[_., .. :.;'. _.,_-;_:: .... ,: ,,.: _,_*_ _. .....

OPERATIONAL DATA

PMC.32C (I_M.32B)

Speed (lit/sec)
Air 52000 (52000)

H z 62000
Air throughput inpumpdown range

(torr/lit/sec) 20 (20)
Backing Speed for m&x_mum _hroughput

(cfm) 220 (220)
Warm up time (rain) 45 (50)
C_iing ('C} in 20 (20) out.45-55 (45.59)

Ccoiing Rate (gpm) 2 (2)
Cooidown Time (rain)30 (39)

Pump Fluid Quanut_ (gai) 3.I/2 (3)

Forepump (cfm) 140 (140)

TYPE PVM-32B (DISC

pMC.32C,,I:_Vt_32._

HEATERS)

a

CVC PMC-32C/PVM'32B

35-INCH BLUELINE PUMP SPECIFICATIONS

Inlet Connection Flange
O.D ........................ 410/4"
I.D ............................ 39"
Thickness ................... 1-3/8"
Bolt Circle .................. 38-1/2"
No. ot Holes .................... 14
Hole Diameter ............... 1.9/8"
Gasket Groove O.D .......... 36.1/8"
Gasket Groove I.D........... 39-5/8"

Outlet. Connection _ange
O.D ........................... II"
I.D ......................... &I/16"
ThicKness .................. ]5/16"
Bolt Circle ................... 9-1/2"
No. of HoLes ..................... 8
Hole Diameter ................ 7/8"
Gasket Groove O.D ........... 8. I/4'"
GasKet Groove I.D ............ 7-1/2"

Buna.N (Viton available on special order)

O.Ring Material ............................ 1/2" F_PT,nections ......................................Cooling Con ..- Aum num and Stainless Stee_
NozzleMaterial................................. Caroon Stee_

Casing Material ......... 4_0 Voit..3 _hase
Heatervo.ge fRi_g/D_s_T_et ......................... :: _j _r" ../_-Cl 20_W
Heater Wa_age .................................................. (PVM) 22.9 KW

.................. !000 ibs.
Nel Weight ......................................... . ........... 1156 ibs.
Shipping Weight ...........................................

MATCHING BAFFLE
BC-.350 MuttJ.Coolanl PN 262679

HIGH VACUUM VALVE
VRA.356 Right Angle Valve PN 262216

ACCESSORIES
Heater Kit Inner Ring PN 264966-3
Heater Kit Outer Ring PN 264966.4
Heater Disc PN 279503.2 for 460v
Heater Disc PN 279503.1 for 230v
Dram Gasket PN 261122- i

Sight Glass PN 282118

ORDERING INFORMATION

CVC PMC-32C/35
Crb. St]. water cooled 20 KW, 46C'v,
`3¢, (2 nng heater) 35" I.D..
32" ASA flange PN 274524

CVC PMC.32C/35
Crb, Stl. water cooled 20 KW, 220v,

3 O, (2 nng heater) `35" ',D..
`32" ASA flange PN 2?4697

CVC F'VM.32B
Crb. SLI. water cooled Cfisc
healers, 22-9 KW, 460v 3_,

(..30 disc heaters), .35" I D
PN 99073120002

525 Lee Road,

P O. Box 1886.

RocnC._l_t. N.Y. { 4603

(7_6_ 453 2550

T_,.._: 9T ,:_259

L_--__ : o



CVC GOLDLINE HIGH VACUUM

LARGE RIGHT ANGLE VALVES

Type VRA

BENEFITS

• High Conductance Contributes To

Quick Pumpdown

,.e Operating Mechanism Can Be
Removed Without Breaking

Vacuum Line Connecgons

• Automatic Closing In Case Of

Power Failure

• Provide Positive. Vacuum-Tight

Seal At Low Pressures

GENERAL DESCRIFT1ON

The right, angle vanes of the VRA
_enes are divided into two groups by

,ominal sizes: the =/=-inch to ] ½-inch

valves, and the 20-inch and 35-inch

valves. Each group provides the most
favorable combination of opera_ng

Features and price within its size

range.

The 20-inch and 35.inch VRA vanes

are made of carbGn steel. They are

air-operated with, .,djustable speed
control and are C.nng sealed. The

valves are fail.safe; they close if there

is a power failure. Each assembled

vane is given a complete helium leak
test to make certain that it is leak

tight. Attention to shaft and seal

alignment assures vibration-free
operation and long gasket life.

These valves connect direcdy to CVC

"BlueLine" diffusion pumps or "BC"
baffqes of the same nominal size and

to standard ASA flanges. The inlet

flange of each valve is grooved and
provided with an e!astomer gasket;
the outlet flange is ungrooved.

REQUIRED SERVICES

Compressed air at 40-150 psig is

required to operate the vanes. The
solenoid-operated air-control valves

require a 115-voit 50/60 Hz power

tlt]r'

LUBRICATION _ 1_1(3 ]
RT11p_ Ul l-_11 -- ()

L---.-- I$ '1 ="

TYPE VRA-216

20 HOLES I Vo"

O(,_m..q Or_ Zs"

BOLT CIRCLE

GASKET GROOVE

NOTE: BOTH FLanGE3

"_;-r , -T;T _vE=_,_-o._.

_ET 'A"EIGH'I' • 8GI LB. \= _ I _ _,r .-._-:'.. _ • _ e_ 20 HOLE3 I 'A," 7.THREAD

GROSS W_IGHT • _J_ _- _ C)I,I 2_" BOLT CJRCLE

TYPE VRA-356

14 HO IF'_. lV,"

DUV,MCTE.R or_ 38_"

BOLT CIRCLE

L._ GA.5 V,.Lr'TGROOVE' 27 i#_._ '_," WIDE 35_ ° I.D.

J.J

GROSS WF.JGHT 2656 LB. _ ON 38_" BOLT C:RCL£

RE.MOVABLE OPERA ! IHG

MECIIAJ'ilSr_

The operating mechanism for the

valve plate is flange-mounted; it can
be easily removed from the casing for

service without breaking the vacuum
line connections. The flange is O-ring

sealed to the dgnt..angle casing For

leak t_ghtn,ess.

l' 'Wq'H:|II[ [G IT m(mr'lA IlOH:

VRA.2]6 -- Right Angle Valve,
20" ASA Flanges ......... 26301";'

VRA-356 -- Right Angle Valve.

32" ASA Flanges ......... 2627" _

Roughing ports can be supplied at
time of order.
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TUNGSTEN FILAMEN



MIDWEST
TUNGSTEN
SERVICE

Tip 

STAND-CF_ _A_

klgTS _- 15_--rS

I

WE ARE HERE TO HELP OUR CUSTOMERS.

MIDWEST TUNGSTEN SERVICE, INC.

1-800-626-0226

Ill. 312-325-1001
Telex 69747345IT8
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DESCRIPTION

_._.,._,_,,_._..._.,._....,_._ ._ _.,-,, ,.._"_. ,-,-.;-' .... . , ._,_.;,_--. ..... ., .... , , . .

Figure I. Vacuum Process Control, Front View

Figure 2. Vacuum Process Control, Rear View

O-_7



AUTOMATIC VALVE CONTROL
MODEL 971-1016

Reliable...versatile performance

THE PROVEN VALVE CONTROL
FOR AUTOMATIC VACUUM SYSTEMS

.... _ _,.,_,-_r--_" ._--.;"."_-:--'-.'_3." "_ "
-- _.,_,--_.-_'_ I.._. _ ' . ,L[- "o % _ .'-_. ,{.li_- _..... '_.=':"¢.,,*_._-,,_.'_ "." .-

r_.,,_";;_,_,-._.___,=.'..'_l._T_=i_",,..'_ " *'"___I_-.,:.• _ i ._ 5,,,. | _ " -, . .,_._..,.= < ":,-
""_fl_.:'_ _ ..... :-' • • ;--_' :'_,,:_'_.;I"_" "_ _"_ =_;-, " " " Z_:" ""• . ...... "= 1 • "

'.'..-:_.,, _._ , ._,. _ , r.,- _: --

--I

GENERAL DESCRIPTION

The Automatic Valve Control provides complete automatic

vacuum system valve cycling from atmosphere to high vac-

uum pressures. The unit Model Number 971-1016, sequen-

tiaily operates four electrically actuated, pneumatic valves

with complete assurance against operator error or power

failure. The unit provides repeatable, trouble-free operation

in both production and laboratory applications.

Available in a standard rack mounted configuration, the

valve control provides four modes of operation: Automatic,

Locked Stop (standby), Locked Start (high vacuum) and

Manual. All switches are _ocated behind a hinged panel

which may be locked if uninterrupted automatic control

is desired. A schematic diagram on "'_e panel loc3tes each

valve in the system and is light-ke', to indicate..vhether

individual valves are open or closed.

This new valve control unit is designed to operate in con-

junction with the Varian Model 843 Ratiornatic Ionization

Gauge Control Unit'. In operation, the gauge control

signals the valve control when the roughing -- high vacuum

crossover point is reached (interface cable is supplied with

the vatve control). In turn, when the valve control START,

STOP or POWER-OFF switches are depressed, it remotely

turns off the ion gauge filament.

" Model 843 ion Gauge Control described in publication

number VAC 1078.

MODE SELECTIONS

Automatic

The start button brings the pressure in the chamber from

atmosphere to full high vacuum. In this position, the valves

are automatically sequenced at the proper time.

Locked Stop (stanclhy)

In this position only the foreline valve is o_en. This reaves

the chamber air released and places the vacuum system

tamper-proof, standby condition ready for subsecluen,,,,,,_ "

quick pumpdown of the chamber.

Locked Start (high vacuum)

When set to this position and the start button is depressed,

the system will cycle to full high vacuum and renan _n tms

state until the mode selector switch is altered.

Manual

When the unit is in this mode, each valve may be operated

by means of individual switches located behind the iockaole

panel. This allows experienced personnel to operate the

system in special applications, or to permit greater flexibility

in maintenance or trouble shooting. The valve control does

not provide any interlocks in the manual mode.

In all modes of operation, a power failure will automatically

cause all valves to close. The valves will remain dosed until

the power-on button is manually depressed. At this time

the foreline valve will open in all modes except manual.

When the start button is depressed and if the chamOer _res-

sure is greater than crossover setpoint established by the

ion gauge control, the system will rough Dump the c._amoer

before returning to high vacuum operation.

Thin F_lm

Techr _logy Division

611 hansen Way

PaloA_to, CA 94303

varian

Varian GmbH, D-7000

Stuttgart-Vaihingen

Handwerkstrasse 5-7

West Germany

Marian SpA

Via Varian

10040 Lemi

Torino, Italy



SI,%1PLIF1EDCIRCUIT--UNIQUERATIOMATICCONCEPTELIMINATES
ONE.THIRDQFTHECIRCUITRYANDSIZEOFCONVENTIONALIONGAUGEDESIGN.
lrnprovedaccuracywithmeterdisplayinglogand decade scales. Emission light indicates when necessary ermssion is _.s-

_ade scale has the advantage of constant accuracy display tablished and also whether the gauge tui3e Js contarnma-

conventional linear scale, ted beyond a useful level.

Two independent constant current TC circuits for con-

tinuous reading to 2. Torr. Constant current TC c=rcuits

eliminate calibration changes due to voltage drops. ',Pro-

vided on 843 only.)

1151230 volt, 50/60 Hz opera-

tion with switch change.

/.:..

_,:.r:':',_.q?_,?.:_/ ;:._,:,;.;_'_"7.':_i' ';;."::-:.:.::." k _ Filament status relay can be used as setpoint

_ .... "' _.'" '" V " X_ with fixed pressure trip of 2 x 10 -] Tort.
i. ._ly adiusted optional ion gauge setpoint=

"" are independent of range switch. - \ Remote filament turn-on contacts.

- .'."Setpoints are safeguarded--when gauge filament Continuous recorder output. T\ ,
_: is off and gauge control is on, the meter reads <-_- I-

: full scale and the setpoints are prevented from _--- -. /-

'' tripping. '../,_i.,_;; - "', -.... • _ _ _ --

,. TIlE I1ATIOMATICI'IIII'tCII'LE "
':" The Ratiornatic gauge controls use a new principle Since voltage fluctuations, contamination by

• and un=c_ue circuitry to measure gas pressure with process gases, exposure to atmosohere, arid

" standar_ hot filament vacuum ionization gauges, chanees of filament temperature at high pressures
::: (10 -{ and above) cause very large variations in

Ion gauge pressure measurement is based on the i-, careful regulation is necessary to avoid _ross
,,= following relationship: errors.

. P ='4" (1/S) WhereP =PressureinTorr The new gauge controls, using the Ra[iomat=c

._.- i- technique develooed by Varian, cliffer from atl

-_ i+ = Ion current (in amos) previOuS controls in the interpretation of [he
i- = Ionizing current (in ampsJ(ernission} i4-

i,i1 S Gaugesensitivity(torr-_)(deter'= pressu re indication P =-(1/S)- Asaresult'the,_

mined bygauge tube geometry) need for regulation of i- and its attendant prom

Conventional ionization gauge controls interpret terns areehminated.

and execute this relationship with the objective

_eing a gau_e control output display that is a func- In the 842 and 843 circuits, this is imnlernented

tion of pressure. To date, this objective has been by an analog microprocessor that measures i+

accomplished by regulating the ionizing current and i- continuously and generates a signal voltage

i- and intricating the ionized current i+ as a func- proportional to gas pressure, indeoen(;ent of

t uon of pressure, the aosolute values of either i÷ of i-.d
/

!

2- :'_



____ GRANVlLLE-PHILLIPS COMPA N_
Ionization Gauge

Oontrollers

Series 2GO

!!_-J II_,,-.L.... |1 _ I_ _ -= _"

Features

• Pressure ranges from 1000 to 2 x 10 1° Torr

• Automatic ranging at low cost

• All solid-state circuit protects itself against any gauge t.be malfunction

• Long cable operation up to 400 feet

• Process controh start process in any decade and stop it in tile same or any other decade

APPLICATIONS

This family of three Ionization Gauge Controllers is designed

especially for applicat!ons requiring low cost, reliable pres-

sure measurement in the range from atmospheric pressure
down to the X-ray limit of standard Bayard-Alpert iomzation

gauges. Eact_ unit is designed to meet a sl_ecific price/

performance need, thereby allowing the user to select and

pay only for t_ose features actually required.

The circuits have been designed to withstand all gauge tui_e

malfunctions. As a result, these controllers can be used suc

cessfully by inexloerienced operators or whenever glow dis

charges or tube shorts are to be expected.

The process control feature permits automatic cor_trf
vacuum processes in the range from 1 x 10 .2 to 1

Torr. Two independent process control re!ays are ;V"

_ Graovrl!e._id,3$ _---
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r  -Phase, Six-SCR,

hase-Fired Models

fated 60 throt gh 225 amperes

eatures
Conservative thermal design increases
service life, minimizes maintenance

Compact design
Electrically isolated heat sinks

Phase-locked-loop synchronization

, Infinite firing-angle resolution allows

stepless control

, Optical isolation of input signal

Power-up softstart for inductive loads

, Pulse-train gating ensures reliable
SCR firing

SCRs rated 1,400 PIV

J 12tfuses, MOVs and dv/dt networks

p-- "ect SCRs
0 ge regulated (current/power

available)

• Power linear

• Two-year warranty

• _,_ Certification available

Description

"3P" designates Ha[mat's new line of three-phase, six-
SCR, phase-controlled SCR Power Controls. They are
used for precisely controlling ac power to resistive and
inductive loads. The 3P controls all standard line volt-

ages (120,208,240,400, 480 and 575 V ac) at either 50
or 60 Hz and can be modified for non-standard voltages.
Current ratings range to 1,200 amperes. This sheet cov-
ers models for 60 through 225 amperes.

A softstart feature brings output voltage up slowly

to prevent saturation of inductive loads. The softstart
c_rcuit also resets after a power loss. Other features
or"the unit include a digitally-controlled firing circuit

with optically-isolated input, phase-locked-loop syn-
chronization, isolated pulse-train gate signals and volt-

age regulation. These features ensure precise, stable
control and increase SCR firing precision and reliability.

" _ can be matched to any standard temperature

or , _s controller. Manual output control can be by
the unit's own BIAS and GAIN potentiometers, or from

Front view, typical 60- through 225-ampere unit

a remc'- _otentiometer. Output power is proportional
to the at Control signal with output voltage being

regut: :o remain constant as line voltage changes.
Exter._:_, SCR shutdown may be accomplished using a
customer provided contact to common. Options are
available for other control methods (see reverse).

[st fuses and MOVs protect SCRs from transient volt-

ages and current surges. False firing (dv/dt) protection
is also included. GAIN and BIAS controls and control
connection terminal strip are all on the front cover. The
cover is hinged to provide component and user protec-
tion as well as quick access for power wiring and

maintenance.

Two-year warranty

The 3P Series has been conservatively designed and

engineered to provide years of troubleq'ree service. The
3P Series represents a new standard in SCR Power Con-
trols and is offered with a two-year warranty covering

parts and labor.



lnficon'sIC-6000 depos ition
controllerisnot as good as it usedto be.

Now, it'seven better.
crystal failure, gives you automatic, uninterrupted

We couldn't leave well enough alone. Why? Because

"well enough" isn't "good enough" at Inficon. So
we've take_ our IC-6000, the industry's most popular

multi-film vacuum deposition controller, and made

it better--togive you more applications flexibility
than ever before.

Here are the improvements you'll benefit from.

"Sample and Hold" is a new, powerful software

option that provides a practical means of rate control

for long-term sputtering and thermal evaporation

processes. The "Interracial Layermg '° software
option permits the deposition of a transitional zone
between two sequential materials.

[_lus, we developed a new shuttered sensor head

to improve measurement accuracy in a multi-material

process by dedicating one sensor to one source.
And what makes these options even better is the

fact that they can be retrofitted on any IC-6000.

Some things can't be improved upon.
So we didn't change the real-time CRT display of

the deposition profile. Nor did we modify the user

programmable process and 170 controls. "And we stfl[
offer five sensor heads--including our patented

svuttering sensor--for various aFpticatIons, as weil
a_ourownC-_'stalSwitch wh[cn, in the event of

rate control.
We've combined these features with facto_ sup-

port and nationwide field service to meet your special
demands--part of the reason why there are over

1,000 IC-6000s in use today.

There's more to be said and read about the "new"

IC-6000.
But there's not room for it here. Please contact your

Inficon sales representative--or us--to get more

IC-6000 data.
Find out how we made the [C-6000 better. For you.

INFICON
LEYBOLI]-HERAEU8

6500 Fly Road, East Syracuse, New York 13057
(315) 437-0377 TWX: 710 541-0594

I455 Airport Boulevard, San Jose, Cali[ornia 951t0
(408)279-1425TWX: 910338-0!.44

In Canada: (416) 746-0050 TWX: 610 492-I340

iC-600(7_ is a registered trademark of lnficon teybold-Heraeus,
• Cm-stalSwitch "= is a trademark o{lnticon Levoeid.Her_eus

k,,,.j



HIGH VOLTAGE POWER SQPPLY

TYPE SDC- I O0

FEATURES

• 0-5000 Volts DC at 300 _[llamps
Continuous Duty

• Av-ailable With Feedthroughs For
Glow Discharge C_ean_g

• High-Voltage Polarity Easily
Reversed

• Hlgh-React_nce Power Transformer

• Safety Switch Prevents OperaUon
Whe.n Vacuum Chamber is At
Atmosphedc Pre._ut_ "

• _Jse_l for DC Diode Sputtering Or
DC Biased RF Sputtering

APPLICATIONS

The SDC. 100 Power Supply is rated to
deliver up to 300 milliamps at :.5000wolts
DC on a contJnuous dub/cyc!e. The

intermittent duty rating is up to 500
milliamps. This unit. used with the

F'vaporation Kits, cleans subsb'_te

surfaces by giow discharge prior to thin.

film deposition. Glow discharge cleaning,
a preferred method of cleaning substrates
in a vacuum, mmo_-s the last

monomolecular tay_r which ordinary

cleaning with detergents or alcohol fails to
remove. To attain ma_mum adherence to

deposited thin films, this ta)_r must be
removed.

The SDC. 100 Power Supply can alsobe

used as a power sourceForDC diode

sputtering of' thin films, electron beam
and electron bombardment heating, or

other applications which require a high-

voltage, high.reactance power supply.

SPECIFICATIONS

1. Power Supply

Height .............................................................. 8.3/4"

Width .................................................................. 19"
Depth ...... . .......................................................... 15"

Input Power ........... 208-240 volts, .50-60 Hertz. single phase. 15 amps maximum
DC Output Voltage .... 0-9000 volts, continuouslyvariable.300 milliamps congnuous
h!astarC_rcuitBreaker............................................... ]5 amps

Net Weight ......................................................... t40 Ibs.

Shipping Weight .................................................... 164 Ibs.

2. Feedthroughs

Type AE-002 .............. F_ts I/2" F-'PThole:ratedfor25.000 volts 10 amps DC;

IO0"C maximum bakeout temperature.
TypeAE-004-|55 .......... Ets I ;7/_.,, hole: rated for 2.5,000 volts, l0 amps DC;

I00"C maxJmum bakeout temperature.

ORDERING INFOR.N_TION

Description Part Number

High-Voltage Power Supply SDC. ] 00 .................................. 2764 ! 0

High.Voltage Power Supply .w_thAE -002 FeeCthrough and
Pressure Switch SDC. 100.1 ..................................... 2'764 1 O- ]

High.Voltage Power Supply _th AE..004-15.5 F'eedthrough, Pressure Sv_tch
and [Needle Valve SDC. 100.2 .................................... 276410-2

NO ARC DISCHARGE

The high-reactance b-ansformer in the
SDC-tO0 Power Supply limits bhe output

v_ltage to a value below that r,equir_ to
sustain an arc discharge invacuum.

SOLID-STATE RELIABILITY

The SDC-I O0 Power Supply uses silicon

diode stacks which provide greater
reliability than vacuum tube re_Jfiers.No

warm-up time is required.

SAFETY FEATGRES

A pressure-sensitive switch is provided

w;th the SDC. IDO glow discharge
cteaning packages. When instaJled in a
vacuum chamber, this s'_tch opens the

power input circuit while the chamber is at
atmosphenc pressure. An added design
feature prevents the pressure s'_tch from

ac'dvatJng the power supply w_thou¢the
operator being aware of IL A sat'eW
interlock sw_tch opens the power input
circuit whenever the cover of the power

supply is removed.

SI_IPLE TO INSTALL

The SDC IO0 Power Supply is avaiia#le

w_tha choice of high.voltage
feedt.hroughs for installation in most
vacuum systems. Lq'_,estandard tabiAet
can be easily mounted in a I9-incn rac'

Ten-foot long hign-vot_ge tea(::isprowde.
flexJbility in !ocaung the power supp!y

D-Z

'I
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Dimensionsininchesand millimeters(ram).

14-_4

(375)

Speci[ications
1..This page shows specifics for 60- through 225-ampere

-qodets. Shipping weight for these models is approx-
nately 40 lb., 18.2 kg.

.. See "Introduction to Phase-Fired Controls" for Gen-

eral Specifications.

Ordering Information
1. SpecifY complete Model No. from table. Then, to order

any of the options add dash and letters to Model No.
Example: .CR, after the Model No., adds a three-

phase Current Regulation option.
2. If temperature/process controller is used, specify con-

trol signal level.

Options (all options are plug in for convenience)

Complete detailsforstandard options are presented

in "Options forPhase-Fired Controls" sheet (atend of
P Seriessheets).Options for three-phase controlsare:

CR-- Current Regulation,Three Phase.

PR-- Power Regulation,Three Phase.

CL- Current Limit, Three Phase.
OC -- Overcurrent Trip,Three Phase.

All optionsincluderequired transformers. For infor-
mation about other options,pleaseconsult factory.

HALMAR ELECTRONICS, INC- • 900North Hague Avenue • Columbus, Ohio USA 43

Tetep_one 614-275-0530 TWX 810-4.82-1654 Facsimile 614-274-2559 v

.,.,E.-.+E_,=,,_-LE =C _=CE._S14W Bentru_Ct."Shanc_ler AZ_SA _¢.Z:', : .....
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4.2.6.9.1.2 Coating

4.2.6.9.1.2.1

Remove MI from the primary cell and trans_or= it to the washing container,
Fig. 4.2.6.g..I.2-i.

4.2.6.9.1.2.2

The primary mirror is put on

carrier this stand is part o
::ecial designed stand axial suppor=s by MI
e washing container, Fig. 4.2.6.9.1.2-2.

4.2.6.9.1.2.3

Remove dus_ from the mirror sur;ace, blow it away and clean =he surface wi=_

filtered water. Remove old coating with soda lye (i0 %) and if necessary use

hydrochloride acid (8 %). Remove remaining old coating parts with sponge an_
cot:on pads.

4.2.6.9.I.2.4

Clean the mirror with distilled water and remove water spots with hydrochloriCe

acid. Clean the mirror surface with aceton and pure alcohol, let it dry to
remove also remaining water va_or.

Blow the mirror surface dry and clean with dry nitrogen.

4.2.6.9.1.2.5

Return the cleaned mirror by means of lifting device back into the trans_or=
carri age.

4.2.6.9.1.2.6

By means of lifting device ".he help of a crane the primary mirror is pu:

into the coa_ing plan=, Fig ..2.6.g.I.2-3, 4.2.6.9.1.2-4.
The mirror is se_: on a pede._:_l with sufficient axial support. MI carrier

remains in the coating plant should no= extend over the mirror surface, F!_.
A.2.6.9.1.2-3.

4.2.6.g.i.2.7

Check the mirror surface and clean with aceton and alcohol if necessary.

4.2.6.9.1.2.8

Close the vacuum chamber and follow the instruct:ions of ",he manufac:_rer, F_g.
4.2.6.9.1.2-4.

4.2.6.9.1.2.9

After the coating procedure the mirror is removed from the vacuum chamber an_

put _n its transportation carrier. All furt_en steps are as airea_y :escribed

bu= _n reserved sequence.

¢.2.6.9.1.2.10

.As a final szeo c_eck ".he alignment of :he mirror in the _eiesco_e and

_eacljust if 31ignmen= _s _o_ ccrrec-. _--__'Z,_
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4.2.6.9

4.2.6.9.1

4.2.6.9.1.i

Mirror coating

Coating procedure for the primary mirror M1

Dismantling of the primary from the telescope

i.2.6.g.l.l.l
Bring the Boeing 747 SP aircraft in the position for dismantling of the

primary M l, Fig. 4.2.6.g.l.l-l.

4.2.6.9.1.1.2
The transport carriage for the primary mirror Ml should be brought into a

position reachable for the mirror changing device. Transport carriage secured

against unwanted movement, Fig.

4.2.6.9.1.1.3
Telescope moved to the designated position for mirror exchange and blocked in

this position, Fig. 4.2.6.g.i.i-2.

4.2.6.9.1.I.4
Mirror cover opened.

4.2.6.9.1.1.5
Cavity door opened.

4.2.6.9.1.i.6
By means of the Ml-changing device the spider is together with the secondary
mirror removed from the telescope. The spider is set onto a Specially prepareo

spioer-stand located in the Fig. ¢.2.6.g.i.I-2, 4.2.6.g.1.1-i.

4.2.6.9.1.1.7
Tertiary mirror disassembly by help of the primary-changing-device removed
from the tube and placed according the spider on a tertiary stand, Fig.

4.2.6.g.i.i-i.

4.2.6.9.1.i.B
Clamps of the primary axial support to be opened, Fig .4.2.6.g.i.i-3.

4.2.6.9.!.i.g
Primary mirror M1 removed from the telescope tube by means of the primary
changing-device. To protect the primary during movement, Fig. 4.2.6.g.i.I-4,

...-5, ...-6.

4.2.6.9.1.1.10
Bring :he primary mirror Ml by means of the transport carriage to the coating

laboratory, Fig. 4.2.6.9.i.1-7.
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4.2.6.9.3 Coating of the tertiaries M3/I and M3/2

4.2.6.9.3.1 Dismantling from the telescope, Fig .4.2.6.9.3-1

4.2.6.9.3.1.1

Dismantling is according the procedures as _escribed unoer _.2.6.9,1.!._

through 4.2.6.9.1.I.8 with the exception of 4.2.6.9.!.1.2 and _,2.5.9.1.I.3.

All the Further handling activities are manual.

4.2.6.g.3.1.2

Remove the IR-reflecting mirror M3/I together with its cell from :he

supporting tube and put it in its transport box.

4.2.6.g.3.1.3

Remove interface parts separating M3/I and M3/2.

4.2.6.9.3.1.4

Dismantle M3/2 with its cell from the support tube and put it into its

transport box.

4.2.6.9.3.1.5

Both mirrors brought to the coating laboratory.

4.2.6.g.3.1.6

Mirrors dismantled from their cell.

4.2.6.9.3.1.7

Further procedures analog to that of the secondary mirror M2 as unoer
4.2.6.9.2.2.

Due to different layers on the mirror the coating of M3/! and M3/2 cannot De

performed in one charge.

4.2.6.9.4.2

Auxi I iaries

Interface flange for lifting device !.

Required for the transport of the primary mirror from the

transport box to the coating plant. The lifting device is part

of the primary cell and carries the mirror via axial support
from its rear side.

1-changing-device.

Necessar_ for MI dismantling.

MI transport carriage.

Support for spider (frontring).

The high has to be aojusZe¢ _o that of the M2-changlng-_evice

_nicn gces uncer =_e mirror _2 for _isman=!ing.
-_L_



M2-coating procedure

Dismantling of the secondary mirror

4.2.6.9.2.1.1
Follow the procedures as under _.2.6.9.1.1.i through ¢.2.6.9.1.i.7, ex_ec'.

_.2.6.g.!.!.2 and 4.2.6.g.i.I.3.

4.2.6.9.2.1.2
_2 changing carriage which is e_uiooed 'with a lifting-piston brought under "..',e

secondary mirror, fig. 4.2.6.9.2.!-1.

4.2.6.g.2.1.3
Move the lifting-piston up ti]l _ts M2-support collar has contact with :no

M2-cell.

4.2.6.9.2.1.¢
Remove M2-cell from the wobble mechanism and lower together with the cell.

4.2.6.9.2.1.5
M2 changing carriage to be brought out from the frontring unit. All further

activities are manual.

4.2.6.9.2.1.6
Remove M2 with cell from the carriage anciturn mirror upside. Put into

transport box.

4.2.6.9.2.1.7
Transpor_ the secondary in its cell to the coating laboratory.

4.2.6.9.2.2 Coating

4.2.6.9.2.2.1
Remove M2 from its box, put it on a table and dismantle it from _ts cell.

4.2.6.9.2.2.2
Clean and dry the mirror in a washing container according the procedures as
described under 4.2.6.g.i.2.3 and ¢.2.6.9.1.2.?.

4.2.6.9.2.2.3
The secondary is now put into the vacuum chamber of the coating plant. A

pedesta_ for the mirror is necessary to bring its surface to a position as

sDecified by the manufacturer of the coating device.

4.2.6.g.2.2.4
After coating _he mirror is reinstalled according to the sequence as _escr_be_

under _.2.6.g.2.1, star_:ing from 4.2.6.g.2.1.7 with transport from c:at!mg

:ac!l!'-7 "_ -he telesc:_e.
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4.2.6.9.1.1-1 .... -2.

4.2.6.9.5.1.1.7

Tertiary disassemoly by help of the _rimary changing device removed from :he

tube and place according the spider on a tertiary stand, Fig. 4.2.5.9.1.1-!.

4.2.6.9.5.1.1.8

MIC removed from the telescope tu_e by means of the primary changing device,
Fig. 4.2.5.9.5.1.1-I .... -2 .... -3 and ...-4.

4.2.6.9.5.1.1.9

Bring the HIC by means of the transport carriage to the coating laboratory,
Fig. 4.2.6.9.5.1.1-5.

4.2.6.9.5.2 Coating

4.2.6.9.5.2.1

Remove MIC from the transport carriage and transport it to the washing
container by crane, Fig .4.2.6.g.5.!.2-i.

4.2.6.9.5.2.2

The MIC is put on a special designed stand, this stand is part of the washing
container, Fig. 4.2.6.9.5.!.2-2.

4.2.6.9.5.2.3

Remove dust From the mirror surface, blow it away and clean the surface with

filtered water. Remove old coating with soda lye (10 %) and if necessary use

hydrochlori_e acid (8 %). Remove remaining old coating parts with sponge and
cotton pads.

4.2.6.9.5.2.4

Clean the mirror with distilled water and remove water spots with hydroch]crice
acid. Clean the mirror surface with aceton and pure alcohol, let it _ry t_
remove also remaining water vapor.

Blow the mirror surface dry and clean with dry nitrogen.

4.2.6.9.5.2.5

Return the cleaned HIC by means of lifting device back into the transport
carriage and turn it upside down by turning drive, Fig. 17.

4.2.6.9.5.2.6

Lifting MIC by help of a crane and put it into the coating plant, Fig.
4.'2.6.9.5.2-3.

The MIC is set on a pedestal ,_ith sufficient axial support. MIC lifting =ev_ce
will be removed out of coating plant, central connection elements shou1_ be
lower down as the H! surface and not extend over him.

4.2.6.9.5.2.7

Check< the mirror surf_c_ _nc :_ean ,_i=_ _c=-=on and alcohol if neces_ar'y. -__
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4.2.6.9._.6 M1 stand with axial support for washing container.

a.2.6.g.¢.7 Washing container.

¢.2.6.9.¢.8 Coating plant for 2.8 m mirrors.

4.2.6.9.¢.9 Support for the mirror MI in the

4.2.6.9.4.10 M2-changing carriage.
Trolley witM lifting device.

vacuum chamber.

4.2.6.9._.11

4.2.6.9.4.12

4.2.6.9.4.13

4.2.6.9.4.14

M2-support for washing.

M2-support for vacuum chamber.

M3-supports for washing containers.

Ml-supports for vacuum chamber.

4.2.6.9.5 ODtional primary mirror coating in the Ml cell

4.2.6.9.5.1 Coating procedure for the primary mirror M1

4.2.6.9.5.1.1
Dismantling of the primary in cell from the telescope ((Primary in cell :

MIC).

4.2.6.9.5.1.i.I
Bring the Boeing 7A7 SP aircraft in the position for dismantl_,ng of the

primary MIC, Fig. _.2.6.9.1.1-I.

4.2.6.g.5.1.I.2
The transport carriage for the primary mirror MIC

position reachable for the mirror changing device.

against unwantea movement, Fig. 4.2.6.g.I.i-_.

should be brought into a
Transport carriage secure_

4.2.6.9.5.1.1.3
Telescope moved to the designated position for mirror

this position, Fig. _.2.6.9.1.i-2.

4.2.6.9.5.1.1.4

Mirror cover .opened.

4.2.6.9.5.1.1.5

Cavity door opened.

exchange an_ blocke_ _n

4.2.5.9.5.1.1.6 ._ _ r _ ..
: -e_rs =? -re ,,_-cr-rc_e _ev _=" the s_!_er :s *_gethe i-_,_-_._e

'j

"...._

",w.

%

t

-_=- [%-

I_I_JALITY
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4.2.6.9.5.2.10
As a final step check the alignment; of the mirror in the telescope

readjust if alignment is not corred.

and
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4.2.1.1.6 Primary mirror handling

The mirror must be handled and turned over during the generation process at

SCHOTT, and during the fabrication process at Zeiss, while for recoating,
integration and test no turn over is needed.

A thin meniscus is much more sensitive against handling loads than a thick
mirror of co_on technology as handling calculations of the ESO-VLT thin
meniscus have shown.

In order to define necessary handling equipment, some Finite Element (FE)
calculations were done to get the allowable accelerations for the mirror under
typical handling operations, shown in Table 4.2.!.1.6-i

maximum accelerations: axially laterally

Simple 4-point support frame 6.6 g
Support on inner bore diameter 3.1 g

Support on outer diameter 18.7 g
Turning the mirror over edge

(on a segment of 8 degrees with constant load)

i

6.9g
37.4 g

6.9g

Table 4.2.1.1.6-I Maximum Mirror Handling Loads

As Table 4.2.1.1.6-I shows, the 60 mm thick meniscus is not a critical item

which requires complex equipment, but careless handling and hard stops could
break the mirror.

For installing and removing of the mirror a simple structure which carries the
mirror from its reverse side on 4 support pads is sufficient. Such a device

will be mounted between mirror and cell and remains there except for coating.
To prevent contamination and accidently contacts of the mirror edge, the
mirror surface should be covered by a cover during all external handlings.

Figure 4.2.1.1.6-1 shows the mirror resting on the 4-point support frame
covered with the handling cover.



- What mater ial is

4.2.6.9. 1.2-2 below)

of the mirror?

the primary mirror carrier (see figure
made of and how is it attached to the back

t

I carrier

- Do the mirrors in the Tracker Telescope need to be recoated by

us? How often? The same as the Acquisition Telescope?

I think that it is a good idea if some sort of solid cover is in-

stalled over the orimarY mirror after the plane has landed and

then removed before takeoff. I believe the disadvantages to

having a permanent cover, rather than the separate one, outweigh

the time spent to engineer the separate cover and the ground su;:-

port equipment to install it. This way the cover can travel with
the mirror on its way to be cleaned, on its Way to be recoated,

and from the chamber back to the plane after recoating. A cover-

ing of cellophane would be sufficient on the smaller mirrors
after cleaning nile on transit to the vacuum chamber and after
recoating while in transit back to the plane. This was a sug-

gestion by the people at Lick Observatory. It would seem to be

less likely they would be damaged. They are much less awkward to

handle.

Basically the people at ZEISS did an excellent job.

Julie A. Pollitt
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4.2.6.9 Mirror coating
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AuguSt 21,1989

EEE: 213-4

FRO_=

TOt Nans Kunz, Aircraft Systems project Manager
Ground SuPport project Engineer

Julie A. Pollitt,

SUBJECT: Response to zEISS Final RepOrt

on the TelescOpe Assembly

report by zEISS comments came to mind.
._ the flnal .... = ions and

After "=adingL- following __st to the mir-
it ion, _n=

Defin connection device remains attached
.... t hart of the __ the plane? Is it the part outllned in yel-

- w,,° _ removed from ^ A 6-I on the following page)? What
_or wn=,, . _ 2.1._._. = will remain attached to the elf-

'low (see r'gur=et_ _ objects whiCnindicated on the following page
materials ''- the ones work? The following

rot made of other than no
(trigure 4.2. t.2.4.6-l)? How does the clamp real

excerpts were contained in the report but give

indiCat4i;n" R_rror connection device " t c_amP _X_
4.2.1-2" " • shown _n F_¢jure _._i"1"2"4"6 -i ogera1_es as
_-' _..necf.ion dev_Ce__._=_ by springs an re_eased by h_draul_C pressure.

"_-4.Z.6.9.1.1-S support- _,o _e oftener, F_cJ ._'.Z'6"_'_"_"3"

_a_n_s of _.he primary _x_a_

Note that Figure 4.2.6.9. I. l-3 is the same as Figure

4.2. t.2.4-6-1" Will Vallotton and I think that there may be a

mistake in _'igu_e 4.2. t.2.4-6-I" It is marked in red.

following page)

(Continued after
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AP#ENDIX F: THIN-FILM

DEF'OSITION SUGGESTIONS
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APPENDIX G: A_'GUMENTS FOR THE USE OF

A SECOND FLOOR PLATFORM IN THE HiGH BAY
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Re_arcff C.._n t ew

'_Gfferl _:e_d, Cahfcrma ._4035

_._z_ber 7, 1989

F_CM:

SL_ECT.:

Lcu ?_u_2.ey, Code CMM

Norm Ye_-ka, Mechanical Sy_ems and Controls Bran&h

Hanger Work P!atfoL_-Ccmments to CD_ Facilities Requ_.ts Dcc_-n_nt

TDe SOF_-A Systan Integration and Tes_ activity and subsequent mairmenance will

requ/._re a way to access the cavity in the side of the air_. In planning

r._ese activities, we are arising to use equipment/facilities already

planned. This is intended to mi/Limize the cost of specialized equipme_nt to be

pur___nsed for I&T use only. It is our understanding that a permanent p!atfoLm,

(atza_hed to the hangar), has been proposed as pare of the mirror coating and

handling facility requir_r__nts. This platforra could be used for I&T activities

if i_ is also configured for that purpose.

AtZac_.ed is a sketch that Will Val!otton pu_ toger/zer r.hat shows a concept for

a pia_form r-_t could be used for both mirror handling and l&T/maintermnce
activities. Par_ of the platform or s_airs should be movable to allow for

retraction durim.g airc._a_ maneuvering and then can be ex_ended to mate with

r_ aircra_ for I&T/maintenace, mirror handling operations.

If you hav_ any questions, I can be reached at extension 4-6320.

Norm Ye_ka

cc:

Ji_ Ei!ers

Julie Poilitt
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EEE:213-_ Decemeer 5, 1989

TO:

FROM:

SUBJECT :

Dale Burrious

Julie A. Pollitt, Project Engineer, SOFIA

Further Requirements for the Mirror Coating an_

Cleanina Facility

It has come to my attentic, n that I had not included the following

requirement. A second floor platform is required in the high

bay. It should extend from the cleaning room to as close as Oos-

sible to the aircraft. In the other direction it should _e the

entire lenath of the cleaning room and the chase way. The mini-

mum area is 850 square feet. See the attached figure for

clarification. It will have several uses:

- the secondary mirror and it's solder, upon removal from the

plane, shall be 0laced on a stand located ,0n the platform.
- the tertiaries and their housing shall also be placed .0n a

stand contained ,on the platform.
- the se,--ondary mirror spider and tertiary mirror housing will be

stored ,0n the platform while the mirrors are inside the cleanino

and ,-,:,atina rooms.
- it may mrovide additional soace for storage ,of other items used

by the mirror cleanina and coatina facility.
- and, most importantly, it allows us to keeo the cleaning and

coating rc,,:°ms much ,--leaner. Without the platform, a partially
remc, vaOle/osuedo wall would have to be constructed hetween the _,,4

high Way and the ,:leaning room to allow the crane to bring the

mirrors to their respective cleaning areas. This

rem,0va_le/oseudo wall would not provide a very good seal. With

the platform, transport carts may be wheeled out to recieve the

mirrors and then brinO them into the facility through a dc-0r. A

doc, r is much easier to seal than a removable/pseudo wall, thereby

keeming a greater number ,0f dirt particles ,out ,0f the fa,-ility.

If you have any comments ,0r ouestions please ,-all me at (415)

6B4-3832 during the day or (415) 96'9-5865 in the evenings.

Julie A. P,:,llitt

cc: Lou Hauahney:211-12



3.4.1.5 Coating Operations and Options

The procedure for coating any mirror can be broken into three

parts: the pumpdown, the actual coating, and returning the
chamber to atmospheric pressure.

The Pumpdown

The pumping system was described in Section 3.4.1.2. The

basic operating steps for the chamber pumpdown are:

1) Start up the pumps and control system about two hours

before operation. The oil in the diffusion pump will heat up.
The mechanical pump will pumpdown the foreline.

2) The mirror is placed in the chamber, and, the chamber is
closed and sealed.

3) The roughing valve on the foreline is opened.

4) The mechanical pump takes the chamber from atmospheric

pressure (760 Torr) to 10 .2 Torr. This pressure is refered to as

the crossover pressure.

5) The roughing valve is then closed and the backing valve is
opened. Note that the vacuum valve is still closed.

6) The diffusion pump is brought down to 10 .3 Torr by the

mechanical pump.

7) The vacuum valve is opened.

8) The chamber is pumped down to about 10 .3 Torr by the

diffusion pump.

9) The vacuum valve is throttled down. The glow discharge
power is turned on and a small amount of air is leaked into the

chamber until a glow forms (caused by excited air molecules).

10) The glow discharge apparatus is shut off.
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l l) The high vacuum valve is opened fully again and the

diffusion pump brings the chamber down to 10 .6 Ton'. This is

where the coating process begins. Note that the backing valve

is kept open.

Note that the control system should be a turnkey system that

automatically performs the above steps 3-11.

The Coating

The coating apparatus consists of an arrangement of tungsten

filaments. In this method, as explained in Section 3.4.1.5, the

aluminum pieces, to be vaporized, are horseshoe shaped. They

are draped over the tungsten filaments. The filaments are

heated by passing a current through them. The aluminum

melts over the filaments, completely coating them. A large

current is passed through the filaments and the aluminum is

vaporized. The aluminum condenses on all surrounding cooler

surfaces, including the substrate. Tungsten is used because of

ifg high melting point. This procedure takes time to perfect

and the system must undergo an initial stage of fine tuning.

Uniformity can be controlled by how many aluminum staples

are placed on a single filament. This is part of the fine tuning.

Overcoating of the primary mirror is still under investigation.

Outgasing should not be a concern in this system. The pumping

system will adequately remove any particles from outgasing if

it occurs, but it generally happens at a higher vacuum. A check

must be made to assure that the mirror cell or support are not

made of "poison" materials, i.e. those that never allow you to

achieve a low enough pressure because they continually outgas.
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Return to Atmospheric

The general procedure to return the tunnel to atmospheric is"

1) The vacuum valve is closed.

2) The diffusion pump is turned off. Allow it to cool down for

about two hours. During this time keep cooling to the pump on.

3) Close the backing valve.

4) Turn off the mechanical pump. Allow it to cool same as the

diffusion pump.

5) Open the venting valve on the chamber per manufacturer's

specifications.

The chamber may be opened and the mirror removed.

The procedures followed by the Aluminizing Plant belonging to

the Canada-France-Hawaii Telescope Corporation in Hawaii, are

found at the end of this section (pages 189-197).
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